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THE LYMPH-FLOW FROM THE PANCREAS. By 
BAINBRIDGE, M.D, (Two Figures in the Text.) 


| (From the Physiological Laboratory, University College, London.) 


Introduction.. The discovery of secretin by Bayliss and Starling 
has made it possible to obtain pancreatic juice at will; and in 1902 
I showed that the injection of secretin caused, concomitantly with the 
secretion of pancreatic juice, an increased flow of lymph from the 
thoracic duct. This increase still occurred, though in smaller degree, : 
after ligature of the portal lymphatics, and the lymph was therefore 
derived from either the pancreas or the intestines, presumably the 
former. 

Recently, Falloise has carefully investigated the action of secretin 
on the lymph-flow. He found that secretin increased the lymph-flow 
from the thoracic duct, but that after ligature of the portal lymphatics 
the increase no longer occurred ; ileum extract also caused an increased 
flow from the thoracic duct, notwithstaeding that no pancreatic juice 
-was secreted, On the other hand, secretin solutions when freed from 
-albumoses and depressor substance caused a flow of pancreatic juice, 
but no increased flow of lymph; and a similar result was obtained 
by injecting hydrochloric acid into the duodenum. Falloise therefore 
concluded, firstly, that the increased lymph-flow was derived entirely 
from the liver, and was not due to secretin itself, but was produced 
by the albumoses or bile-salts usually present in secretin solutions; 
secondly, that secretory activity of the pancreas (or liver) did not 
increase the formation of lymph. 

The experiments here described were made to ascertain how far the 7 
pancreas falls into line with the liver and salivary glands, as regards the 
effects of its metabolism upon lymph-formation. 

_ Methods. All the experiments were carried out on dogs scestbeninsd 
with the A.c.E. mixture after a preliminary dose of morphia (4—1 gr-.). 
In every case the lymph was collected from the thoracic duct. The 
abdomen was opened, a cannula was — in the main pancreatic. wisi 
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and the abdomen was closed by clips or sutures. A cannula was also 
placed in the jugular vein for the injection of secretin or ileum extract. 
‘The blood-pressure in the femoral artery was always recorded. The 
animals were kept without food for the 24 hours preceding the experi- 
ment; the pancreas was then in a ‘resting’ condition, and the lymph 
was clear and free from fat. 

The secretin (or ileum extract) was injected from a burette at 
the rate of 1—20c. per minute; by making the injections slowly, 


rapid physical changes in the circulation were avoided. The injection — 


period generally Jasted for twenty minutes. 


The pancreatic juice and lymph were collected in graduated cylinders, 


‘and the amount recorded every five or ten minutes. . 

i I. The injection of secretin and of ilewm extract. If secretin be 
injected rapidly, as was done by Falloise, it gives ji 
muscular contractions, intense dyspnoea of short tn a rapid fall of 

blood-pressure, and an increased flow of lymph contmencing immediately 

after the injection. This increased lymph-flow might well be the result 
of the dyspnosa and muscular movement, independently of any more 
specific cause. On the other hand, if secretin be injected slowly, the 
animal remains perfectly quiet, the respirations are not appreciably 
altered in depth or frequency, the fall of blood-pressure is slight, and 
there is no immediate increase in the flow of lymph. An increase in 
the lymph-flow does occur, however, after a time; it begins from ten to 
twenty minutes after the commencement of the injection of secretin, 
reaches its maximum about twenty minutes later, when the blood- 
pressure has returned to its normal level, and lasts altogether for about 
an hour. The flow of lymph after the injection is two or three times as 
large as that previous to the injection. 

The slow injection of ileum extract also increases the lymph-flow 
from the thoracic duct, but its effects are less marked than those of 

It appears, therefore, that an important distinction must be drawn 
between the effects of a rapid and those of a slow injection of secretin 

(or ileum extract). In the former case, the increase in the lymph-flow 


can be accounted for by changes in blood-pressure and by muscular — 


movements; in the latter case, no such factors are at work, and the 
increased lymph-flow must be brought about by some other means. 
The first of these experiments illustrates the difference between 
secretin and ileum extract with respect to the magnitude of their effect 
upon the flow.of lymph from the thoracic duct.. The second experiment 
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LYMPH-FLOW FROM PANCREAS. 3 


shows the comparatively small depression of the artetial blood-pressure 
produced by a slow injection of secretin; such a fall of blood-pressure 
is insufficient to account for the inieresiaed flow of lymph actually 
observed. , 


Exp. Dog showed no tuitehings theoughout 
the experiment. Cannul@ in thoracic and pancreatic ducts, femoral artery and femoral 


periods 10 min. periods 
3°65 o.c.) lymph clear: good, 4°4 
31 steady flow. 89 injeoted 75 c.c. secretin 
2°5 injected 80c.c. ileum extract 4:7 during this 20 mins. 
2°5 during this 20 mins. 5°7 
4°7 92 
61 
59 


Exp. IL Dog t remained quit throughout the experiment, Cannula. 
in thoracic duct; blood-pressure taken in femoral artery. | 


Time Lymph te 
4,14—4, 24 14 4.25 thoracic duct cannula slipped, 
| and was replaced. 
 4,40—4, 50 1°38 4.50 94) 453—5.8 injected 35 c.c. — 
4.50—5.0 20 4.55 84 } (bile-free). 
5.0—5.10 28 5.0 84 
§.10—5.20 ‘51 5.5 86 
5.10 86 


Il. Ligature of portal lymphatics. After ligature of the portal 
lymphatics, secretin solutions still cause an increased flow of lymph, 


whereas ileum extract has practically no effect. The increased lymph- 
- flow caused by secretin solutions is less marked, however, when the 
portal lymphatics are tied than when they are intact. Now both ileum 
extract and secretin solutions contain albumoses, and usually small 
quantities of bile-salts, both of which increase the formation of lymph 
by the liver. It seems probable, therefore, that the increased lymph- 
flow caused by ileum extract is derived solely from the liver, and is due 
to the depressor substance and bile-salts which it contains. And no 
doubt the depressor substance (and bile-salt) present in secretin solutions 
partly account for the increased-lymph-flow caused by such solutions ; 
but they are not the only factors, as is shown by the fact that after 
ligature of the portal lymphatics secretin solutions still increase the 
flow of lymph. Since secretin solutions differ from ileum extract only 
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in the fact that the former contain the specific substance secretin, and — 


since after ligature of the portal lymphatics secretin increases the flow 
of lymph from the thoracic duct, whereas ileum extract does not, one 
must conclude that this increased lymph-flow is due to ‘secretin’ itself, 
not to the depressor substances which are present in both ileum extracts 
and secretin solutions. Further, this lymph must be formed either by 
the intestines or the pancreas. | 

Exp. Ill. Dog (small) anssthetised. Cannule in thoracic and pancreatic ducts, 


52 injected 60.c.c. normal saline 
60 -golution in 15 mins. 


Fair flow of pancreatic juice. 
- Exp. IV.’ Dog anmsthetised. Ligature of portal lymphatics. Cannule in thoracic 


duct and pancreatic duct. No dyspnea or muscular twitchings throughout the experi- 


per 10 min. 
1 


08 


22 

2-7 2°0 
22 

18 

0-1 

1:3 

0-9 He injected ileum extract 62 c.c. in 21 mins, 

injected secretin rather rapidly, 30 in 18 mins. 
2-4 80 


17 7 
22 | 62 injected 85 ¢.c. secretin in 25 mins. 


: It seemed possible that even the moderate amounts of fluid iainated 
might cause a certain amount of hydremic plethora, sufficient to 
account for the increased lymph-flow caused by the secretin or ileum 
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LYMPH-FLOW FROM PANCREAS, 5 


extract. Control experiments were made, therefore, in which normal 
saline solution was injected slowly. When the portal: lymphatics were 
intact saline solution caused a slight increase in the lymph-flow, but the 
increase was very much less than that produced by a similar volume of 
weak secretin solution. After ligature of the portal lymphatics, the 
injection of moderate amounts (60 c.c.) of normal saline solution had no 
_ effect whatever on the lymph-flow, although much smaller doses of 
secretin did cause a considerable increase. Hence the effect of secretin 
is not due to hydremic plethora, as is further indicated by the fact 
that ileum extract in moderate amount (60c.c.) causes no increased 
lymph-flow after ligature of the portal lymphatics. 

III. Relation between flow of lymph and secretin of pancreatic 
juice. When secretin is injected, and the lymph and pancreatic juice 
are collected simultaneously, it is found that the variations in the rate 
of flow are very similar for the two fluids. The secretion of pancreatic 
juice reaches its maximum, and falls again to zero earlier than does 
the lymph-flow; otherwise, graphic records of the flow of lymph and 
pancreatic juice closely resemble each other, except that the increased 
lymph-flow is of longer duration than the secretion of juice. This 
point is illustrated by the figures and by Exp. IV., where the contrast 
between the action of secretin and of ileum extract is well marked. 


Fig. 1. Periods of 10 minutes are represented on the abscissa. 

_ gented on the ordinate: The portal lymphatics were ligatured. 

Continuous line=flow of lymph. ~ 
Dotted line= flow of pancreatic juice from the thoracic duct. 
A=injection of 35 secretin. 

_ The depressor substance can be removed from secretin solutions by 
means of alcohol, as described by Bayliss and Starling; such. pre- 
parations of secretin cause little or no fall of blood-pressure, but give a 
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_ good secretion of pancreatic j juice, and an n Seeceeet flow of lymph, ‘as is 
shown in Experiment V. 


A B 
Fig. 2. Periods of 10 minutes are represented on the abscissa. The flow in 0.0. is repre- 


sented on the ordinate, The portal lymphatics were ligatured. 
Continuous line= flow of lymph in ¢,c. from the thoracic duct. 
A =injection of 35 o.c. secretin. 
B=injection of 62 ¢.c. ileum extract. 


Exp. V. Dog anmsthetised; quiet throughout the experiment. 
: Lymph Pancreatic juice 


3.50—4.0 09 4.0—4.8 injected 50c.c. secretin free from 
40-410 depressor substance: very slight fall b.-p. 
4.10—4. 20 23 17 
4,20—4, 30 

‘4,30—4, 40 2°7 10 


It seems clear that the lymphagogue action os secretin solutions 
(after tying the portal lymphatics) is due, not to the depressor 
substance which they contain, but to ‘secretin’ itself. And since 
‘secretin’ has a specific action on the secretion of the pancreatic juice, 
but has, so far as is known, no. action on the intestines, it is natural to 
suppose that the increased lymph-flow produced by secretin also has its 
origin in the pancreas. This view is supported by the close relation 
already described as existing between the secretion of pancreatic juice 
and the flow of lymph. This relation between the lymph-flow and the 
. secretion of pancreatic juice is moreover strictly analogous to that 
shown to exist between the flow of bile and the formation of lymph. 
I conclude, therefore, that the increased flow of lymph from the 
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thoracic duct consequent on the injection of secretin (after ligature of 
the portal lymphatics) is derived entirely from the pancreas, and that 
the lymph is produced by the pancreas. 

This lymph might be formed by the pancreas in one or two ways. 
On the one hand, May has shown that secretin causes vaso-dilatation 
of the pancreas lasting as long as juice is being secreted ; it is possible, 
therefore, that the lymph might be the result of increased filtration, 
although I have shown that this does not occur in the submaxillary 
gland under similar conditions, On the other hand, it is possible that 
the lymph is formed as a result of katabolic changes in the pancreas, 
accompanying the secretion of pancreatic juice; if so, the pancreas 
resembles the liver and salivary glands in that its secretory activity 
invariably causes an increased formation of lymph, due to the rapid 
formation of metabolic products, and their entrance into the lymph 
spaces. On the whole, the evidence is in favour of: the second 
explanation, although no definite conclusion can be drawn. 


SUMMARY AND CONCLUSIONS. 


1. The injection of secretin or ileum extract causes an increased 
flow of lymph from the thoracic duct. This had been peoviously shown 
by Falloise and by myself. 

2. After ligature of the portal lymphatics secretin still causes an 
increased flow of lymph, whereas ileum extract has no effect. 

3. The increased lymph-flow produced by secretin is not caused by 
the depressor substance, but by ‘secretin’ itself. | 

4. There is a close relation between the secretion of pancreatic 
juice and the increased flow of lymph. The lymph is derived entirely 
from the pancreas, and is probably formed as a result of metabolic 
changes occurring in the pancreas during the secretion of juice. 

_ This research formed part of my work as Scholar of the British 

Medical Association; the expenses of the research were defrayed by a 

grant from the Royal Society. I wish to express my thanks to 

Professor Starling for his kindness in allowing me to work in his 

laboratory. | 
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THE CHANGES IN THE VISCOSITY OF THE BLOOD 
ie PRODUCED BY ALCOHOL’. By R. BURTON-OPITZ. 


(From the Physiological Laboratory of Columbia University, at the | 


College of Physicians and Surgeons, New York.) 


THE viscosity-values forming the basis of this. paper have been ob- 
tained by the method described by Htirthle*. Briefly outlined it 
consists in determining the time which a measured quantity of blood, 
under a certain pressure, requires to pass through a capillary tube of 
known size. Cannulas are placed in both carotid arteries. The cannula 
in the left carotid is connected with a mercury-manometer, while the 
one in the right is connected with one end of the capillary tube. When 
the blood escapes from the other end of the capillary tube, it is caught 
- upon one of two triangular glass plates which are attached to a vertical 
lever and move from side to side in front of the lumen of the tube. 
The glass plates diverge below and lead to two small receptacles. After 
a few drops of blood have escaped into one of the small glasses standing 
below the plates, the lever is rapidly. moved to the other side. The 
_ blood is now allowed to flow into the second weighing glass during 


a period of from 15 to 30 seconds, when it is again diverted into the. 


receptacle used previously. The movements of the vertical lever are 


recorded upon a rapidly moving drum beneath the record of a Jaquet — 
chronograph marking fifths of seconds. By this means the length of 


the period is determined during which the blood is allowed to flow into 
the weighing glass. 

The viscosity coefficient K is obtained subsequently by calculation. 
For this purpose it is essential to know the quantity of blood collected 
during a definite period, its specific gravity, the blood-pressure and the 
length and internal diameter of the capillary. In order that these 
values may become more intelligible to the reader, they are compared 


1 This tndy has been conducted under grant fom the Rockefeller Insite for 
Medical Research. 


Hirthle, K, Archiv fir dis ges, Physiol. , txxx1. pp. 415449. 1900, 
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VISCOSITY OF BLOOD. 09 


with K for distilled water at 37° C., which, according to Poiseuille, is 
4700. Thus, the viscosity of the blood is denoted in this investigation 
in terms of multiples of K for distilled water at 37° C. 

In the present series of experiments only one capillary tube was 
employed. By.using the same tube for every determination, it was 
hoped to render wide variations between the different coefficints practi- 
cally impossible and even insignificant changes in the viscosity more 
easily perceptible. The cleaning and readjusting of the capillary tube 
made the intervals between the different determinations necessarily 
long; however, as the viscosity remains constant for a long time, no 
errors were introduced by the lengthening of th‘s period. After the 
injections of alcohol, the experiments were made, as a rule, at intervals 
of from 10.to 15 minutes. 

- The capillary measured 245°5 mm. in length (log / = 289005), and 
its diameter, determined by means of the micrometer scale, 0°6636 mm. 
(log d* = 0'28760 — 3). The accuracy of this capillary tube was tested 
first by a number of experiments with distilled water. Having given 
coefficients which closely corresponded with those found by Poiseuille, 
the capillary used was considered reliable for the experiments in hand. 


The Changes in the Viscosity of the Blood produced by Intravenous In- 
gections of Small Water and OT per cent. 
NaCl Solution. 


As the aléohol was to be introduced in solution with distilled water 
or 0°7 per cent. NaCl, it became necessary to determine, first of all, 
whether these fluids produce material changes in the viscosity when used 
alone. As relatively small quantities of the alcoholic solution were 
injected, correspondingly small amounts of the diluting fluids were 
experimented with. 

No special feeding of the dogs used in these experiments was 
necessary, the normal viscosity having no bearing upon the question at 
issue. A mixed diet, consisting of meat and carbohydrates, was given 
to them until the day of the experiment. After the administration of 
small amounts of morphine, the animals were kept in a uniformly light 
chloroform-ether narcosis. It has been. shown previously’ that. the 
viscosity is not — by. these narcotics, when administered in 
moderate doses. 


Burten- -Opita, R,, Archi flr die ges. Physiol. pp. 448—450. 1900. 
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The method followed in éach experiment of this series was as 
follows. Two or more determinations were made first to obtain the 
normal viscosity coefficient of the blood. A measured quantity of NaCl 
solution or distilled water was then allowed to flow into the facial vein, 
the injection being made very slowly in every case. After an interval 
of from 5 to 10 minutes, the viscosity was again measured by two or 
more determinations. | 
The details of the experiments swith distilled water and NaCl solu- — 
tion are given in Tables 1 and 2, Experiments 1, 2, 3 and 4 deal with 
the changes resulting from the injection of distilled water, and Experi- 
ments 5, 6, 7 and 8 show the changes produced by the 0°7 sodium 
chloride solution. Each experiment is subdivided into two parts, 
showing, on the one hand, the normal viscosity of the blood, and, on the — 
other, the viscosity subsequent to the injection. Among other details 
the tables also contain the quantity of fluid injected, the length of the 
period intervening between the introduction of the fluid and the be- 
ginning of each determination, the rectal temperature of the animal 
and the specific gravity of the blood before and after the injection. 
The latter was obtained, as a rule, immediately after the completion 
_ of each set of viscosity determinations. Small pycnometers were used 
for this purpose. In the last column of each table KX for _ blood i is 
compared with K for distilled water at 37° C. 
These experiments, prove conclusively that the fluids ad in 
diluting the alcohol produce, when injected intravenously, a slight, but 
' nevertheless constant change in the viscosity of the blood. It should — 
be noted, however, that these fluids exhibit, at least at first, directly 
antagonistic tendencies. The 0°7 per cent. NaCl solution causes 
‘an immediate and very distinct decrease in the viscosity, 
while equal amounts of distilled water render the blood 
slightly more viscous. 
| Considering the relative insignificance of these changes, the effect of _ 
the diluting fluids may be disregarded completely, if the intravenous — 


injection of the fluids plus the alcohol produces results of a ‘more 
decisive character. 


| of Alcohol. 


The method followed in the experiments with alcohol is the same as 
that outlined in a preceding paragraph. A number of determinations | 
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VISCOSITY OF BLOOD. 13 


were made before, as well as after, the injection. ~The alcohol, diluted 
with a 0°7 per cent. NaCl solution or distilled water, was introduced 
first into the facial vein and, in another set of experiments, into the 
stomach or duodenum. The alcoholic solution was used in strengths 
varying from 10 to 60 per cent. 

Those animals, in which the alcohol was introduced directly into the 
intestinal canal, received no food on the day of the experiment. A small 
incision was made in the median line, and the pylorus drawn forward 
and occluded by a ligature. The alcohol was then injected either into 
the stomach or the duodenum, and the wound again closed. 

It was proved by two preliminary experiments that the viscosity of 
the blood is not changed by this operative procedure. 

The experiments are recorded in full in Tables 3, 4, and 5. Table 3 
contains the results of three experiments in which the alcohol was 
introduced into the facial vein; Table 4, three experiments in which the 
alcohol was injected into the stomach; and Table 5, two experiments in — 
which the injection was made into the duodenum.: In the second ex- 
periment of each group a 0°7 per cent. saline solution was used for dilution, 

while in the others distilled water was employed. | 

: Whether introduced directly into the circulation, or into the diges- 
tive tract, the alcoholic solutions employed in these experiments always — 
rendered the blood more viscous. By far the greatest increase appeared 
when the alcohol was injected into the stomach or the duodenum. 
Thus we observe’, for example, that after injecting 30 c.c. of a 60 per 
cent. solution into the stomach, the viscosity coefficient changed from 
94894 to 822°59. This implies that the viscosity which normally was — 
only 4°95 times as great as that of distilled water at 37°C. became 5°71 
times as great. However, the other experiments of this series gave 
equally decisive results, 

The increase produced by intravenous injections of alcohol was never 
so pronounced. This may be due in part to the fact that relatively 
small quantities of weak alcoholic solutions had to be used for obvious 
reasons. As the NaCl solution alone decreases the viscosity, the NaCl 
solution plus the alcohol had to overcome this effect first before it could 
produce a decided change in the opposite direction. We have also seen 
previously that small quantities of distilled water rendered the blood 
slightly more viscous. The same change is produced by distilled water 
plus alcohol ; but in the latter case the increase in the viscosity was 


1 See Exp. 2, Table IV. 
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VISCOSITY OF BLOOD. 17 


somewhat greater than when distilled water alone was used. These 
facts eliminate the possibility that the greater viscosity of the blood 
after intravenous injections of alcohol plus distilled water is due solely — 
to the diluting fluid. 

When the time elapsed since the injection is taken into consider- 
ation, it is seen that the alcohol produces very quick effects even when 
introduced into the stomach or the duodenum. In the latter experiments 
an almost maximal increase in the viscosity appeared i in from five to ten 
minutes after the injection. Moreover, the effect is lasting, the coeffi- 
cient showing practically no change during the succeeding thirty 
to forty-five minutes. The specific gravity was determined in two 
experiments an hour and a half after the injection. Even at this time 
it did not show a material decrease in its value, indicating thereby that 
the viscosity continued as yet at its former level. 

The latter deduction is perfectly permissible, because it has been 
demonstrated! that the specific gravity of the blood may be regarded as 
a safe index of the viscosity. The greater the specific gravity, the 
greater the viscosity, and vice versd. No exception to this rule was met 
with in the experiments just related. 

The coefficients for the normal blood of the dog shtaiond from the 
present sixteen experiments vary between 1006 and 664, average 859. 
The viscosity of the blood is therefore 5°5 times as great as that of 
_ distilled water at 37°C. In earlier experimenis of this kind’ K for the 
blood of the dog was found to be 925. Considering that no attempt has 
been made at this time to vary the viscosity of the blood by feeding, the | 
- results.may be said to correspond very closely with one another. 


1 Burton-Opitz, loc. cit., p. 463. 
2 loc. cit., p. 462. . 
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THE GASEOUS METABOLISM OF THE KIDNEY. By 
J. BARCROFT, M.A, Fellow of King’s College, Cambridge, 
_anp T. G. BRODIE, M_D., F.RS., Professor-Superintendent of the 
Brown Institution, University of London, (One Figure in Text.) 


Grom. the Physiological Laboratories of the University of Cambridge, 
and of the Royal Veterinary College, London.) 


"THE research we are about to describe arose from a made by 
Loewi that, on Ludwig’s theory, a copious secretion of dilute urine 
should be attended by less oxidation in the kidney than in the case — 
concentration was taking place more actively. 

Our aim has been to estimate the total gaseous exchanges of the 
_ kidney under the two conditions of rest and activity respectively. The 
general scheme of our experiments therefore has been to institute 
a comparison between the arterial blood and the venus blood from the 
kidney when there is a small secretion of urine taking place, then to 
inject a diuretic and repeat the determinations of the gases of the blood 
collected during a copious secretion of urine. At the time of collecting 
the samples of blood it was also essential to determine the rate of flow of | 
blood through the kidney. In the present paper we propose to deal 
only with the simplest point which offers itself for consideration—the 
change in the respiration of the kidney when the volume of the 
secretion is increased. We will leave for future discussion the relation 
of the oxidation in the kidney to the concentration of the urine. 


I. EXPERIMENTAL METHOD. 


We find no difficulty in getting blood enough for our purpose 

without impairing the functional activity of the kidneys, delicate as 

these organs are, but in order to do this different methods must be 

adopted from those which answer well for some other organs. In our 

first experiments, for instance, we defibrinated the animals, as has been 

done ‘in determining the gaseous exchanges of the pancreas! and of the 
1 Bareroft and Starling, This Journal, xxx1, 496. 
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_ submaxillary gland’. But while it is easy to-obtain good secretions from 
these glands in defibrinated dogs the same is not the case with the 
: kidney*. We were therefore compelled to give up the preliminary 
; _ defibrination and resorted to the plan of collecting the blood into 
\ a measured quantity of potassium oxalate solution under oil. Since 
adopting this procedure we have always succeeded in obtaining an 
excellent flow of urine. Thus in one experiment, in which urea was 
used as the diuretic, we obtained a flow of 19 cc. of urine per minute 
from the two kidneys as the result of a slow injection of 100 c.c. of a 5°/, 
solution of urea. We may here state that this urine was considerably — 
less concentrated than a sample of blood simultaneously collected, as 
{ shown by determinations of the freezing-points of the two fluids. This 
was a quite exceptional case however, and in the experiments we record 
here the diuresis has ranged from 1—5 c.c. per minute. 

The dissection. Our experiments were all performed upon nes anes- — 
thetised with chloroform. Cannule were first inserted in the carotid of 
one side and the external jugular of the other. Asa rule a tracheal tube 
was also tied in to facilitate the administration of the anesthetic. In 
order to be able to get at and manipulate the renal veins with ease and 
certainty we considered it best to eviscerate the animal completely. For 
this purpose the abdomen was opened from sternum to pubis by a median 
incision. The inferior mesenteric artery is then isolated for a few 
centimetres close to its origin, ligatured in two places and divided — 
between. The rectum is next ligatured in two places and divided. The 
| mesentery is now cut through at its attachment to the posterior 
_ abdominal wall until the superior mesenteric artery is reached. This is 
_ then isolated, doubly ligatured and divided, and the coeliac axis is 

similarly treated. The structures of the portal fissure are similarly 
treated, and a final ligature tied round the highest point of the stomach 
enables the whole of the stomach, intestines, pancreas and spleen to be 
removed. Animals stand this evisceration extraordinarily well. They 
_ will survive for about 8 hours, and with the exception of the last half- 
hour the blood-pressure remains high and very constant and does not 
show much variation with changes in the amount of chloroform admin- 
istered. We have always left the liver in situ. The next step is to pass 
a ligature round the aorta just below the renal arteries. This is then 
tied, thus restricting the flow of blood to the upper part of the body and 


1 Barcroft, This Journal, xxv. 275. 


See also in this connection:—Pfaff and Schmiedeberg’s Archiv, 
xix, 324. 1903, 
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the kidneys. The inferior vena cava is next completely isolated. 

Starting from the point at which it is formed by the junction of the two 
femoral veins it is dissected free and each vessel entering it is ligatured. 
When the renal veins are reached they are disturbed as little as possible, 

but the vena cava is lifted up and freed for 1—2 cms. above the point of 
entrance of the renal veins. Asa rule no other vessels, with the excep- 
tion of the left suprarenal, enter into this portion of the cava. The cava 
is now ligatured at its lowest point and a clip being placed on the vein 
a large cannula is inserted. Lastly a piece of thick soft string is passed 
under the vessel at the highest point isolated, so that the only vessels 
entering the length of vein thus isolated are the two renal and the left 
suprarenal veins. This latter vein enters the cava so close to the left 
renal that we found it better to pass the loop under the cava above this 
vein and a second small loop under the suprarenal vein. When a sample 


of venous blood from the kidneys was to be collected all that was then . 


necessary was first to lift up the loop round the | 
guprarenal vein until that vessel was occluded, : 
and then, releasing the clip on the inferior cava, | | 
to compress that vessel by pressing the vein by 
the finger against the loop of thick string above 
the renal vessels. The spermatic vessels and 
any other vessels entering the renal veins are, — 
of course, also ligatured. 

This part of the operation having been com- 
pleted, cannule are inserted in the two ureters 
and connected by short lengths of tubing of fine 7 
bore to a measuring cylinder. are. 

The mode of collecting the blood. Asabove 
stated, the blood required for the gas analyses was 
collected, and mixed with a small amount of 
oxalate solution to prevent clotting. Two plans 
have been adopted for doing this. 

(1) In those experiments where very little 
blood. was required—i.e. those in which the 
analyses were performed by the Barcroft-Haldane 
apparatus—we have joined a finely graduated 
gas-burette (Fig. 1, A) by stout rubber-tubing 
to a glass bulb B, of about 5..c. capacity. The 
bulb, tubing and a small portion of the burette 
are filled with neutral olive oil, A convenient 
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quantity of a 1°/, potassium oxalate solution is sucked into the 
bulb and lies under .the oil, the bulb being held in the horizontal 
position. The quantity of solution drawn in is measured by reading 
off the burette. Two of these bulbs are prepared, the one for the 
arterial, the other for the venous sample, and when the samples are 
to be collected the cannule in the vessels are fitted with a short length 
of rubber-tubing and the blood allowed to flow along it until a little has 
escaped. The bulb is then inserted into the open end of the tubing and 
the blood from the artery or vein allowed to flow in until a sufficient 
~ amount has been collected. The bulb is then disconnected, care being 
taken that no air enters, and being closed at each end by the finger and 
thumb, is well shaken so as to mix the blood and solution thoroughly. 
The bulb is then emptied into a conical specimen glass containing oil, 
and from this 1 c.c. can be withdrawn for analysis by means of a pipette. 

(2) A simpler and better plan, which we have used when larger 
quantities were required, is to cut down an ordinary 100 c.c. measure 
until its capacity is about 20 cc. A little oil is poured into the 
measure and 2c.c. of oxalate solution added. The tube from the 
cannula is filled with blood, a little of which is allowed to escape, is 
passed under the surface of the oil and as much blood as is necessary is 
then collected in the cylinder, its amount being read off directly from 
_ the graduations. The blood and oxalate are then thoroughly mixed by 

stirring. From this the blood is sucked into the bulb of the blood-gas 
pump. The same pump has been used as for the pancreas’. 

The measurement of the rate of flow of the blood. Since the blood- 
flow through the kidneys is very rapid and the margin between the 
gases in the arterial and venous bloods is often small, it is necessary 
that this measurement should be made with the greatest accuracy 
possible. The plan we adopted was to make the blood from the veins 
travel along a tube of sufficient diameter to prevent venous congestion. 
- The tube was connected to the cannula in the cava and was fixed in 
a horizontal position at about the level of the cava. Two marks were 
made on this tube, so placed that the capacity of the tube between the 
marks was 10c.c. The vena cava was then compressed above the renal 
veins in the manner described above and the time occupied in the 
passage of the meniscus of the blood column between the two marks 
timed by a stop-watch. After measurement, the blood was returned to 
the animal by raising the tube. The average of two or three observa- 


1 Barcroft and Starling, loc. cit., p. 494. 
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tions was taken and as each only occupied a few seconds there was no 
danger of clotting. 

The analysis of the blood-gases. In three of the four experiments, 
of which the results are given here, the gas analyses have been per- 
formed by the apparatus of Barcroft and Haldane’, using an instru- 
ment with four manometers. In the fourth experiment the pump was 
used, 

Our first care was to compare the results obtained by our method 
with simultaneous observations with the pump. We append the results 
of this comparison. Four samples of the same defibrinated blood were 
analysed the day after it was drawn; two samples were analysed by 
each method. The results were as follows :— 


Pump Chemical method 

IL Mean IIL IV. Mean 
O 177 #£%.(1974 17°56 17-35 
CO, 180 140 18:50 139 182 18°55 


One c.c. of blood was used for the analyses by the chemical method 
pu 11°56 and 8°6 c.c. for the pump analyses. 


II. REsvuts. 


In the following four protocols we give the more important details 
of four of our experiments. With the exception of the first, in which 


sodium sulphate was employed, the diuresis was produced by the: 


injection of a dilute (5°/,) solution of urea. 


Exp. I. Weight of dog, 9 kilos. en ree the body 
=e Operation completed at 12.12 p.m. 

Time 

12,18 Begin to collect urine. | 

12.26 First sample venous blood collected. (Sample A.) 

12.33 Rate of flow of blood :—10¢.c. in 15 secs., i.c. 40 per minute. 

12.40 Arterial sample taken. (Sample B.) 
1,22 10 sodium sulphate solution (15 °/,) 
1.26 §©106.c. ” ” ” ” 
1.86 10 c.c, ” ” ” 
1.48 Urine:—3cc. 
1.55 Urine:—3°3 3 
2.7 Rate of flow of blood :—6°6 .c. in 1 min. 38 seos., i.c. 4°04 per min. 

Urine still flowing, but slowly. 
2.10 100c.c. warm saline solution injected. 
2.25 100cc  ,, 
2.33 Second venous sample collected. (Sample C.) 
2.40 Second arterial sample collected. (Sample D.) . 

? This Journal, xxvut. p. 282, 1902, 
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GASEOUS METABOLISM OF KIDNEY. 23 
Analysis of the gases gave the following figures: 


B D 

; Carbonicacid 453 3877 299 299 

A&B C&D 

Oxygen absorbed per min. 405.0. 

CO, excreted ,, 5, 3°04 B00 
(0°694 °/, of the body weight). 
Time 


11.17 Commence to collect urine. 
11.37 Arterial sample taken. (A.) | 
11.44 Venoussampletaken. (B.) | 
11.53 of flow of blood:—10 ¢,c. in 3-4 seos., i.e. 176°5 c.c. per min. 
11.56 Urine:—5'2c.c, 
12.8 Inject 100 ¢.c, urea solution (5%,). 
Urine :—9°4 ¢.c, 7 
12.15 Urine:—12°0 c.c. 
12.20 Venous sample taken. (C.) 
12,22 Arterial sample taken. (D.) 
12.28 Urine:—19°7 c.c. 
12.25 . Urine:—21°'3 
' 12.30 Rate of flow of blood:—10 o.c. in 3 secs., i.e. 200¢.c. per min. 
12.82 Urine:—33°4 c.c. 
12.387 Urine :—40°8 o.c. 
12.50 Urine :—49°6 «.c. 
1.0 Urine:—66°0 o.c. 
1.8 Arterial sample taken. (E.) 
1.12 Urine:—60°3 c.c. 
Venous sample taken. (F.) 
Velocity of blood :—10 c.c. in 4°1 sees. , i.¢. 146°8 
1.26 Urine:—60°7 c.c. 
| 2.9 Urine :—68:0 o.0. 


The analyses of the blood-gases gave the following figures : 


A B D F 
Oxygen 24°99 231 #4186 WT 23 #193 
Carbonicacid 33°00 3879 359 428 849 3877 
O, per min. 8°35 c.0. 15°6 6.0. 5°0 c.c. 
CO, per min. ,, 85 ,, 
Urine per min. | 0°18 9 0°96 9 0°36 ” 
Exp. Il. Abridged protocol. Operation as before. 


12.50 Arterial sample taken. (A.) 
12.58 Venous sampletaken. (B.) 
~ 12.57 Bate of flow of blood :—10c.c, in 6m, 100 ¢.e. per min. 
Very slow flow of urine. 
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1.18  100c.c, urea solution (5 °/,) injected. 
1.14 Urine:—1'8c.c. 
1.17 - Flow of urine begins to quicken. 
1.25 . 
50 c.c. urea solution injected. ! 
1.30 20.6, defibrinated blood injected. 
1.82  80c.c. urea solution injected. 
Urine :—4'0 .c. 
1.388 Urine:—4°35c.c. 
1.89  60c.c, normal saline injected. 
Urine :—5°6 c.c. 
1.59 Urine:—82°3 c.c. 
2.5 Arterial sample taken. (C.) 
2.6 Venous sample taken. (D.) 
Rate of flow of blood :—10 c.c. in 6°3 secs., 95:2. 0.6. per min. 


| 2.10 Urine:—45*4c.c. 
Analyses of the blood-gases gave the following figures :— 
B 
Oxygen 286 273 24°72 
Carbonic acid 324 35°45 39°47" 
Hence 
O, per min, 1°22 ¢.c.. 6°14 
CO, per min. — 8°84 ,, 3°89 ,, 
Urine per min. Very slow 1°34 ,, | 
Exp. IV. Abridged protocol. Operation as before. Operation finished at 12.15. 
‘Time 


12,387 Urine:—1:4c.¢. 

12.40 Urine:—3°0 c.c. 
1.18 Urine:—11-0 c.c. 
1.15 Arterial and venous samples taken. (A-and B.) | 
1,21 Rate of blood-flow :—10 o.c. in 4°5 secs. (188-3 ¢.c. per min.). 
1.25 Rate of blood-flow:—10 ¢.c, in 4°4 secs. (186°8 ¢.c. per min.). 
1.37 50 urea solution (5°/,) injected. 
141 ‘ 
1.46 Urine:—13 c.c. 
1.51 Blood samples taken. (C and D.) 
1.52 Urine:—22 cc. 
1.53 Rate of blood-flow:—10 c.c. por min) 

The diuresis has fallen off considerably. * 


Analysis of the blood-gases gave the following figures :— 
. A B c D 


” ” 


Oxygen . 195 191 168 188 
Carbonicacid 472 483 444 
O per min.  40c.0. 
CO, per min. 440 ,, 


Urine permin. 024 ,, | 
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An examination of these four experiments shows that in all instances 
diuresis is accompanied by an increase in the amount of oxygen 
consumed by the kidney, The carbonic acid elimination is also 
increased in one of the experiments (II.), remains practically constant in 
two (J. and III.), and shows a decrease in the fourth (I1V.). From the 
results obtained in other experiments, which will be published later, an 
increase in the carbonic acid elimination is a more common result than 
would be concluded from the results we now publish. The oxygen 
increase is, however, in all instances the striking result, and the quantity 
absorbed during diuresis may rise from. three to ten times tliat taken in 
during a resting period. When we compare this oxygen intake of the 
kidney with the total ambunt absorbed by the animal our results seem 
still more pronounced. From the results of experiments in which the 
total gaseous exchanges in normal dogs have been determined, we know 
that the average rate of oxygen absorption per gram per minute is about 
00166 cc. In Experiment I. the kidney while at rest absorbed 
0°0178 cc. per gram per minute, and in Experiment II. 0:0604 cc. 
When diuresis was produced, these two figures rose respectively to 
00623 and 0281 c.c., and in the latter experiment, when the diuresis 
began to fail, it stood at 00901. Again, if we express the total amount 
of oxygen absorbed per minute by the kidney as a percentage of the 
total amount which a normal animal of the same weight would absorb, — 
the figures then run:—In Experiment I, 0°773 °/, at rest and 2°70°/, 
during diuresis. In Experiment II., 2°52°/, at rest, 11°75 °/, at the height 
of the diuresis, and 3°77 °/, as the diuresis began to fail. As the average 
weight of the two kidneys ii dogs only amounts to about 0°72°/, of the 
whole body weight, it is seen that in all instances, with the exception of 
the first, the figures for the oxygen absorption by the kidney are much 
greater, weight for weight, than for the body as a whole; a result which 
was of course to be expected. But it is most remarkable that as seen 
in Exp. IL, the kidney can during activity absorb as much as 11°75 °/, of 
the total oxygen which would be taken in by the normal animal at rest. 
This is still more notable when we remember that the animal is during 
- the whole of the experiment deeply anzsthetised and has undergone 
-@ severe operation which must in some measure have affected the 
kidneys. In some control experiments we have performed, in which the 
total oxygen absorption of a dog anesthetised with chloroform was 
determined, we found it scarcely more than half that usually found for 
the intact animal. 

The following table gives these figures in a convenient form, and 
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BAROROFT AND 'T. G. BRODIE. 
with them are also incladéd sitilar figures for the carbonic acid excre- 
tion. The figures are expressed in c.c. per gram per minute. 


Tabie 
_ Intact animal 0°0166 0°0125 
‘Resting period of 00178 -0°0466 
 ‘Diuresis = ,, 00623 00462 
Resting period of Exp. II. 0°0604 0°1560 
End of diuresis 00901 0°0630 


In Table II. are collected the figures for the gaseous exchanges of , 
the kidneys expressed in percentages of the total exchanges which would 
occur in an intact animal of the same weight. : 


Taste II. 
O05 
‘Exp. 1, At rest 0°77 2°03 . 
During diuresis 2°70 2°00 
Exp. Il. At rest 252 865 
| During diuresis 11°75 13-80 
After diuresis 8°77 3°50 


In only one of the four experiments given do the carbonic acid 
figures show variations at all comparable to those seen with the oxygen . 
absorption, and moreover, the carbonic acid elimination, to a great 
extent, appears to vary quite independently of the oxygen absorption. — 
In association with this we would point out another fact to be deduced 
from our figures, viz. that at the commencement of the experiment the 
carbonic acid output is often in considerable excess of the oxygen 
intake. This is so in all the experiments cited here, and with one 
exception is true for several others we have performed in extending the 
aim of our work. This result may arise from the injury to which the 
kidney has been subjected during the course of the operation, but since 
within a short time after the operation has been completed and 
immediately after the collection of the blood from which the analyses 
are made, the kidney is found capable of secreting a normal urine freely, 
it appears correct to exclude this explanation. Hence the conclusion 
seems warranted that activity of the kidney is especially marked by an 
immediate increase in the absorption of oxygen, but is followed by an 
increase in the carbonic acid output. 

The estimations of the rate of flow of the blood through the kidneys 
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have shown that the velocity may be considerable even though the 
secretion of urine is slow. The occurrence of diuresis is usually ac- 
companied by an increase in the rate of flow, but quite frequently we 
- have found no increase at all. Further, when an increase is present, its 
relative amount has never been found in proportion to that of the 
increased urine flow. Thus in Exp. IL. the one of the four here given in 
which the most marked increase in rate occurred, an increase in the rate 
of flow of urine amounting to nearly 800°/, is only accompanied by an 
increase of the blood-flow of 12°5°/,. In experiments which we shall 
publish later we shall return to this point. : 


CONCLUSIONS. 


1, The production of a diuresis is accompanied by a marked increase 
in the absorption of oxygen by the kidney. 

2. This increase in oxygen absorption is not in proportion to the 
degree of diuresis produced. 

3. In only one of the experiments recorded here has there been an 
increase in the CO, given out during diuresis. 

4.. There seems to be no definite relation between the oxygen taken 
in and the CO, given out at any given moment. 

5. The volume of CO, given out is often in excess of the amount 
of oxygen taken in. This is especially the case at the commencement 
of the experiment, i.e. before diuresis has been set up. 

6. The quantities of the two gases exchanged during diuresis 
amount to from 0°062 to 0°281 c.c. of gas per gram of kidney substance 
per min. In one experiment the amount of oxygen has amounted to as 
much as 11°/, of the oxygen which would be absorbed by an intact dog 
of the same weight. 

7. The onset of diuresis is not necessarily acotanpenied by an 
increase in the rate of flow of blood through the kidney. Even when 
an increase is present it is never in proportion to the acceleration of the 
urine flow. 
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THE RELATIONSHIP OF THE THYMUS TO THE 
SEXUAL ORGANS. II. The Influence of Removal of 
‘the Thymus on the Growth of the Sexual — By 
D. NOEL PATON. | 


(From the Laboratory of the, Royal College of Physicians of 
Edinburgh.) 


A. The Male. 


In a previous paper’ Dr Goodall and I pointed out that in the 
guinea-pig the thymus continues to increase in size during the first 
two months of life, and that it begins to atrophy only when the animal 
is reaching sexual maturity at something over two months old. 

Mr James Henderson*® has shown by an extensive series of 
weighings, that in cattle, castration delays the onset of atrophy of the 


thymus in a very marked degree. In cattle under 21 months the — 


average weight of the thymus in bulls was found to be only about one- 
half that in oxen, in bulls between 21 months and 24 years less than a 
half, and in those between 2} and 3} years more than one-third less. 

This very striking result shows clearly that the life history of the 
thymus is closely related to that of the testes, and that the onset of 
atrophy is controlled by the development of the genital organs. 

This being so, it appeared to me desirable to investigate the possible 
reciprocal action of thymus upon the testes. 

If the growth of the testes controls the thymus, does the thymus in 
turn exercise any influence in controlling the growth of the testes? -— 

With this object I have removed the thymus from a series of 24 
young guinea-pigs at ages varying from 1 day to 14 months, killed 
them when they attained weights varying from 115. to 355 grammes, 
and examined and weighed the testes with the epididymes attached. 
As checks 23 normal guinea-pigs were killed at corresponding ages 
and the testes weighed in the same manner. The guinea-pigs were 


1 This Journal, xxx, p. 49. 1904. 2 Ibid., xxx1. p. 221. 1904. 
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selected as far as possible frum the same broods and the observations 
were made at the same season of the year—from April to July. 

Table I. shows the results of these observations, the animals being 
classified in three sets according to their size and the averages of each 
set being given in heavy type. 


TABLE L 


ee A. Weight between 100 and 200 grms. 
/ Thymusless animals ~ Normal animals 
Weight of animal | 
removed killed B in weeks epididymes thymus 
115 2 025 0-12 
165 6 0-28 130 0°16 
145 170 4 0°16 150 0°14 
102 175 2 0-24 160 — 0-21 
180 0-22 165 024 
97 185 - 4. 0°27 ' 180 0-22 
Average 166 o-'28 152 ois 
B. Weight between 200 and 300 grms. 
172 210 0-28 013 
84 225 4 0°38 220 , 0-85 0°33 
190 225 4 0°65 230 0°45 0-61 
155 225 4 0-57 230 0-44 0-50 
170 230 4 0-31 230 0-60 vine 
185 230 4 0-48 255 0-54 0-51 
190 255 4 0°44 255 0°89 0-50 
175 265 a 0-72 260 0°38 0-39 
250 270 4 0:90 260 . 0°55 0-42 
— 270 4 0°44 260 0°56 0°31 
225 270 4 1°43 265 0-57 — 
185 270 4 1-92 270 0°95 0:27 
72 280 ~ 1°34 290° 1:15 0-29 
197 285 4 1:87 300 0°82 
83 290 . 8 1-23 
280 300 va 98 
Average 256 o-ss 252 0:60 
Average of A and B combined 
231 o70 223 o-48 
: C. Weight between 300 and 400 grms. 
250 310 310 0-98 
280 850 1 1°46 815 - 184 
340 1°19 


Average 8380 3223 133 
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In the first set of animals (A) the testes in the thymusless 
animals are 27 per cent. heavier than those in the normal. animals, 
while in the second set (B) they are 46 per cent. heavier. And in the 
two sets combined 45 per cent. heavier. 

The average weight of the testes in all 12 animale of the first set 
was 02 grm. In the six thymusless animals 5, or 83 per cent., had 
_ testes above this, while in the normal animals only 3, or 50 per cent., 
had testes in excess of the average. 

In the second set of 30 animals the average weight of the testes was 
‘75 grm., and among the 16 thymusless animals 7, or 45 per cent., had 
the testes above the average, while among the normal animals only 3, or | 
25 per cent., had the testes heavier than the average. 

The table, in spite of the wide individual variations in the weight 
of the testes, seems to show that in guinea-pigs below 300 grms., 2.¢. 
before the time at which the thymus naturally atrophies, the 
removal of the organ is followed by a more rapid growth of the 
testes. When these figures are considered along with the results obtained 
by Henderson on the influence of castration on the growth of the 
thymus, it appears that there is a reciprocal action between 

thymus and testes, each checking the growth of the other. 
Next spring, when material again becomes available, I intend to 
test these results further by comparing the testes of a large number of 
thymusless animals of about the same size, say of about 280 grms., ““ 
those of a large number of normal animals of the same size. 

There appears to be no direct relationship between the size of the - 
thymus and the weight of the testes in guinea-pigs of about the same age. 
Thusin the 1] normal animals of Class B in which the thymus was weighed 
at the time of death it was found that in the six animals in which the 
thymus was less than 04 grm. in weight, the average weight of the testes _ 
was 0°61 grm., while in the five animals with thymuses above 04 grm. 
the average weight of the testes was 0°57 grm. Since however the initial 
weight of the thymus varies so much in different individuals, and since 
Dr Goodall’s observations, which will shortly be published, show that the 
size of the organs depends rather upon the amount of lymphoid tissue 
than upon the development of the characteristic constituent of the thymus 
—the Hassall corpuscles—the absence of such a relationship is not sur- 


Above 300 grms. (Table I., Class 3), the sinc of the testes must. be 
independent of the thymus, and I have therefore only made one or 
two observations on these older animals, which tend to show that the 
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difference between the weight. of the — in thymanles ‘and normal 
animals is no longer manifest. | 


B, The Female. 


_ According to the observations of Mr Henderson, in young heifers 
the weight of the thymus per unit of body weight is intermediate 
between that in bulls on the one hand and oxen on the other. | 

The ovary of the female guinea-pig is so small that it was not 
_ practicable to compare its weight in thymusless and normal animals, and 
I had therefore to content myself by observing when pregnancy occurred 
in the two sets of animals. 

Six female guinea-pigs varying in weight from 157 to 340 grms. had 
the thymus removed and were then put with the male, seven normal 
females being put along with them. Pregnancy occurred at approxi- 
mately the same time in both sets of animals, thus :— 


Expr. I. Of two guinea-pigs of 165 and 168 grms. respectively, on Oct. 16th, 1903, the 
former had the thymus removed. It had young on May 31st, 1904 (impregnated about. 
March 21st), and the other had young on June 2nd (impregnated about March 28rd). 

Exp. II. On Jan. 20th, 1904, the thymus was removed from three guinea-pigs weighing 
(A) 180, (B) 267, and (C) 180 grms., while three normal animals of (D) 162, (EZ) 157, and 

(F) 197 grms. were put along with them. 
; E had young on May 31st. Impregnated about March 22nd. 


B ” ” ” 80th. ” ” 99 21st. 
F June 13th. » April llth. 
1p », July 20th. ? 


Exe. III. On Feb. tha wan quince 4= 800 grms. 
and B=340 grms., and three checks, D=260 grms., F = 330 grms. and F=800 grms., were 
placed along with them. 


A had young on July 12th. Impregnated about May 6th. 
B 


9° 9th. ” ” 8rd. 

D ‘15th, 99 | ” 9th. 
+» dune 4th. » March 21st. 


The animals were weighed once or twice weekly throughout the experiments, and the 
weights on the date of impregnation—10 weeks before parturition—were as follows: . 


Exp.I. 34 445 Exp. II. 14 280 Exp. TI. A 420 
B 460 B 295 B 350 
E 300 D 430 

F 825 E 400 

F 356° 
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Two guinea-pigs which had the thymus and spleen removed took 
the male, the first at 420 grms. and the second at 410 grms. weight, 
while a check placed with them was impregnated at 450 grms. 


Thus the eight thymusless animals became pregnant at an average 


weight of 374 grms., while six normal animals had an average weight of 
388 grms. when they were impregnated. 


In both sets of animals sexual maturity was reached at an age at 


which atrophy of the thymus is in progress, and removal of the thymus 
did not markedly accelerate its onset. 


_ . The expenses of this investigation were defrayed from Mr Francis Mason’s 
donation to the Laboratory for Investigation of the Ductless Glands. 
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THE UNIVERSAL PRESENCE .OF EREPSIN IN 
ANIMAL TISSUES. By H. M. VERNON, MA, MD. 
Fellow of Magdalen College, Oaford. | 


(From the Physiological Laboratory, Oxford.) 


CONTENTS. 
Method of experiment ont p. 34. 
The erepsin present in other animal tissues . . =. =. =. op. 8%. 
The influence of acidity on the action of erepsin ee ee 


As the peptone-splitting ferment erepsin, which Cohnheim! discovered 
in the intestinal mucous membrane, seemed to have an obvious and 
direct relation to the digestion of the partially hydrolysed proteids 
which are found in the small intestine, it was natural to assume that it 
would be found in this tissue alone—and in the succus entericus 
secreted by it—for only in such a locality could it apparently subserve 
a useful function. In a paper published recently in this Journal’, 
I showed that pancreatic extracts also contained considerable quantities 
of an ereptic ferment which was quite distinct from the trypsin, but 
here again the connection between the ferment and the hydrolysis of 
proteids in the intestine seemed clear. As the results to be described 
below will show, however, the presence of an ereptic ferment is in no 
way limited to the two tissues mentioned, but is in fact common to all 
animal tissues in which it has been tested for. It is present, moreover, 
in the tissues of all classes of animals, cold-blooded as well as warm- 
blooded, invertebrate as well as vertebrate. 

The usual method of investigating tissue ferments is to work with 
the juice which has been squeezed out of the previously disintegrated 
tissue under considerable pressure. In the case of animal tissues, 


1 Cohnheim. Zeit. f. physiol. Chem., xxxm. p. 451, oo. p. 134. 
2 Vernon. This Journal, xxx. p. 330. 1903. 
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however, it is probable that the initial disintegration i is unnecessary, for 
Hedin? found that as regards the spleen at least the previous grinding 
up of the tissue did not increase the proteolytic activity of the juice. 
For most purposes, also, the second procedure is likewise unnecessary, 
and can be replaced by the much simpler method of extracting the 


tissue under exatnination with glycerin. The advantages of this method | 
are that it is possible to work with a very much smaller amount of tissue 


substance—even a gram or less being sufficient for several estimations— 
and the necessary operations occupy very much less time. This latter 


is a point of some importance when, as in the present case, over — 


eighty tissues are examined for ferment. However, the method has 

some disadvantages. These will be referred to incidentally below. 
Method of experiment. The method of experiment adopted has, in 

most particulars, been described already in the above-mentioned paper. 


The tissue under examination was chopped or minced up, and sometimes — 


in addition pounded with sand in a mortar, and then to each gram of it 
were added 2c.c. of glycerin. The mixture was shaken up at frequent 


intervals, and from time to time. small quantities of the. glycerin were 


filtered off from the tissue substance, and tested for ferment. For this 
purpose ‘25c.c. of the extract was run into 5ce.c. of 5°/, solution of 
Witte’s peptone, water and dilute sodium carbonate being also added in 
such amount as to bring the total volume to 10 c.c., and the strength of 
alkali to*1°/,. These digestion mixtures of one part of ferment extract 


in 40 of 2°5°/, peptone were kept in stoppered bottles, in presence of 


toluol, at a constant temperature of 38°C. The amount of peptone split 
‘up was determined by means of a colorimetric method dependent on 
the biuret test at about 5, 24, 48, and 96 hours after the beginning of 
the digestion, and from the data so obtained ‘the time of digestion of 
20°/, or more of the peptone was estimated. In that within certain 
limits the time of digestion varies in simple inverse proportion to the 
amount of ferment, the relative amounts of erepsin present in the 
extracts could easily be calculated. 

_ The extraction of erepsin from a tissue . concentrated glycerin 
is a somewhat slow process. The data given herewith, though some- 
what incomplete, show that the extracts reached their maximum 
peptolysing activity in from 17 to 25 days, and then began. to de- 
teriorate. The previous grinding up of the liver tissue in a mortar 


with sand slightly hastened the rate.of extraction of the ferment, but in » 


1 Hedin. . This Journal, xxx. p. 166. 1903. . 
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‘another experiment, made with intestinal membrane, a previous grinding _ 
up was quite without influence. In all but a few cases, therefore, the 


Ereptic value of extract after 


Extract of S8days 4days Sdays I2days 25days $3days 41 days 
Cat’sliver(mincedonly) — 44 62 — ~— 52 
Cat’s liver (minced | 

. pounded). — 61 — 6566 68 — 698 


grinding process was omitted, and the tissue was simply lia in 
a machine, or, if small in amount, cut up as finely as possible with 
scissors. The data given in the last line of the table show that diluted — 
glycerin (8 parts of glycerin to 2 of water) extracts the ferment much 
more rapidly than concentrated glycerin, the maximum value with this 
sheep's liver extract being attained in 4 days. In spite of this, however, 
it is not nearly so suitable a medium, as it allows the ferment to undergo 
a much more rapid auto-destruction. Even with concentrated glycerin 
the ferment is slowly destroyed, and so it is unsafe to delay the estima- 
tion of the ferment activity of an éxtract for much more than three 
weeks if the determination of its maximum value be desired. Ac- 
cordingly, when the amount of extract available in any case was too 
small to admit.of more than one estimation, this estimation was always 
made after from 21 to 25 days’ extraction. Had it been feasible to work 
with the expressed juice of the tissues instead of with extracts, all 
difficulty as to the time at which the maximum value was attained, and 
the degree of auto-destruction of the ferment during extraction, would 
have been avoided. Thus the juice has its maximum value when fresh, 
and slowly deteriorates on keeping. In the single case in which 
‘@ comparison was made, the maximum value of the juice (pressed from 
_ yabbit’s liver, and mixed with 2 volumes of glycerin) was found to be 
distinctly greater than the maximum value exhibited by the glycerin 
extract of some of the same tissue, the actual figures being 5°5 as 
_ ageanst 36. This was doubtless because the ferment underwent some 
auto-destruction during its three weeks’ extraction, whereas it had no 
time to deteriorate when expressed in the Juice and tested for im <3 
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THE ‘EREPSIN PRESENT IN THE TISSUES OF THE CAT. 


In the accompanying table are given the maximum ereptic values — 


attained by glycerin extracts of various tissues of the cat. Most of the 
extracts were tested on three or four occasions, the maximum value 
being almost always reached after 25 to 32 days’ extraction. All the 
values given in this and subsequent tables, unless special mention is 
made to the contrary, are calculated from the times required by the 
extract to split up 20°/, of the Witte’s peptone. An ereptic value of, 
for instance, 1‘0, implies that 1 part of extract, acting upon 40 parts of 

2:5°/, peptone at 38°, split up 20°/, of it in 40 hours; or if the ereptic 
value were 10°0, then 20%, in 4 hours. The tissues are arranged in 
order of their activity, and it will be seen that it is the kidney, and not 


Tissue Ereptic value Tissue Ereptic value 
Kidney | 18°38, 9°7 Suprarenal gland 2°5 
Intestinal mucous membrane 12°5— Heart musele 2°3 
Pancreas 103,78 Brain 15 
Lung 6°9 Skeletal muscle 13 
Spleen 6-7 Ovary 10 
liver. 62, 5+1, 4°4 Blood 27 
Submaxillary gland Serum 06 
Thyroid gland 4-4 | 


the intestinal mucous membrane, which heads the list. The mucous 
membrane was scraped off the intestine after it had been washed out 
with a stream of water and allowed to drain half-an-hour, so some of the 
erepsin may have been washed away and some of the water may still 
have clung to the tissue, but in any case the richness of the kidney 
substance in erepsin is very striking and unexpected. The kidneys of 
another cat were somewhat less rich in ferment, but the average amount 
of ferment present in the two animals was still greater than the average 
amount found in the pancreas or in any other tissue except the intestinal 
mucous membrane. Next in order to the pancreas come the lung, liver, 
and spleen, with similar amounts of ferment The three values obtained 
_ for the liver of different cats show a rough correspondence, but doubtless 

the ereptic value of a tissue is subject to considerable variations under 
different conditions. In the present observations, for instance, one cat 

had the maximal kidney value and minimal liver value, whilst another 
_ cat showed the reverse relationship with these tissues. Next to the 

liver come the submaxillary and thyroid glands, and then, with a 

considerable drop, the suprarenal gland. Perhaps the = wera of 
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this gland is dependent on its partially nervous origin, for we see that 
brain tissue contains very little erepsin, the value given in the table 
being only a ninth that of the maximum kidney value. ' Skeletal 
muscle (cut from the thigh muscles) contained even less erepsin than 
brain substance, but heart muscle was distinctly richer in ferment. The 
ovary apparently contained less erepsin than any other body tissue, but 
the value given (as also that for the thyroid gland) must be accepted 
with reserve, as the weight of tissue available for extraction was so 
extremely small. Last of all in the table come blood and serum. The 
validity of the value given for serum is very doubtful, as the small 
amount of ferment it apparently contained may have been derived from 
the blood corpuscles after coagulation. The blood was whipped im- 
mediately after it was shed and ‘the fibrin removed, and then was 
allowed to settle in a test-tube. After an hour or two some of the clear 
supernatant serum was removed and mixed with two volumes’ of 
glycerin, but there was obviously sufficient time for the ferment to soak 
out from corpuscles to serum. In estimating the ferment present in 
blood, the digestion liquid had to be filtered before running it into 
the caustic soda and copper sulphate, as the flocculent precipitate it 
contained obscured the colour reaction. Even then the yellowish-red 
tint of the digestion liquid produced an appreciable change in the colour 
of the biuret reaction, and to correct for it an equal volume of a digest 
of blood with ‘1°/, Na,CO, (and no peptone) had to be added to the 
standard colour tube. — 


THE EREPSIN PRESENT IN OTHER ANIMAL TISSUES. 


Observations were made upon the tissues of two other mammals 
besides the cat, viz. the rabbit and the guinea-pig. The tissues of the 
rabbit show a rough resemblance to those of the cat as regards their 
relative richness in ferment, for again the kidney extract proved to be 
the most active of any, it containing twice as much erepsin as the 
extract of intestinal mucous membrane (scraped from the upper three 
feet of small intestine). The other tissues were somewhat poorer in 
ferment than the corresponding tissues of the cat, but we still find that 
the pancreas, spleen, and liver were fairly rich in ferment, whilst the 
‘muscle and brain substance were poor. The tissues of the guinea-pig 
show more or less similar relationships, though almost all of them, with 
the exception of the pancreas, were poorer in ferment than the corre- 


sponding tissues of the cat and rabbit. The pancreatic extract, in fact, — 
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38: M. VERNON. 


had twice as great an ereptic value as the kidney extract, whilst the 
extract of intestinal mucous membrane (scraped from si whole: length 


Kidney 89 28. 14 28 
Intestinal mucous membrane 9° 88 70 49 — 
Pancreas 44 188 65 548 
Spleen 89 22 22 
Heart muscle #4190 15 
Skeletal muscle 60 “85 65 12 
Brain - “80 80 5 — 
Serum 3 #316 — 


. of small intestine) w was about half as active again as this kidney extract. 


The muscle extract was very weak, but-the blood contained more 
ferment than the blood of any other animal examined. Some of the 
guinea-pig’s blood was centrifugalised about two hours after death, and 
the serum then obtained was found to possess about half the ferment 
activity of the blood. In the case of the rabbit's blood centrifugalisation 
was performed immediately after defibrination, and as the serum then 
obtained likewise possessed about half the ereptic value of the blood, 
it looks as if the ferment were a normal constituent of the blood 
plasma, and were not merely shed into it from the corpuscles after the 
blood had coagulated. 

The only other warm-blooded animal biaunined was the pigeon. 
The numerical results obtained with it closely resemble those obtained 
with mammals, for the kidney once again proved itself the most active — 
tissue, its extract possessing rather a larger ereptic value than the 
mean mammalian kidney value. The extracts of intestinal membrane 
(scraped from the upper two-thirds of the intestine) and of pancreas 
contained about half as much erepsin, whilst the liver extract contained 
only about a third as much ferment as these latter extracts, or a sixth 
as much as the kidney extract. Still the liver was very much richer 
in erepsin than the muscle and brain, just as was the case with the 
corresponding mammalian tissues. | 

To pass on to the consideration of the cold-blooded animals, we find 
that in them almost all the tissues are considerably poorer in erepsin 
than the corresponding mammalian and avian tissues. We also find 
that the kidney ceases to maintain its relative richness in ferment. In 
the frog the pancreas proved to be far and away the most active tissue, 
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it possessing a greater peptolysing power than any other tissue referred 
to in this paper. owen, an extract of pig’s pancreas mentioned 
in the previous paper’ had an ereptic value of 69, but about half of 
_the peptolysing action of this extract was due to the trypsin present. 
Probably the same is true of the frog’s pancreas extract. As regards 
the other tissues of the frog, we see that the extracts of kidney and of 
liver had almost the same ereptic power, they each containing about 
half as much ferment as the extract of intestinal mucous membrane. 
This mucous membrane was scraped from the upper two-thirds ‘of the 
washed intestine of eight frogs, and all the other extracts were likewise 
made with the combined tissues of all the frogs, except in the case of 
the ovary. This ovary extract was somewhat more active than extract 
of cat's ovary, and was likewise more active than extract of frog’s testis 
(1'5 as against 11). Of the remaining frog’s tissues examined, we see 
that heart muscle and skeletal muscle bore about the same relative 
activity to one another and to the liver extract as they did in the corre- 
sponding mammalian tissues. 

The other animals examined consisted of a fish, a crustacean, and 
a molluse. All of their tissues were comparatively poor in ferment, 
especially those of the mollusc. The mucous membrane of. eel’s in- 
testine (scraped from the whole length from pylorus to anus) was the 
richest in ferment, but even it contained less than a third as much 
ferment as the corresponding mammalian tissue, The extract of eel’s 
kidney contained considerably less erepsin than the extracts of pancreas 
and intestinal mucous membrane, but its activity was almost identical 
with that of the liver extract, just as was the case with the correspond- 
ing frog's tissue extracts. The extracts of muscle, both cardiac and 
skeletal, were extremely poor in. ferment, they containing only a fourth 
to a fifth as. much erepsin as the liver extract. To pass on to the 
extracts of lobster’s tissues, we find that in this animal the kidney 
regains its former pre-eminence as the most active tissue of all. It is 
doubtful, however, how far any of the values given for lobster’s tissues 
can be taken to represent the maximum activities of the respective 
extracts. As in other cases, the extracts were tested about three weeks 
after they were made, but unfortunately only the liver («¢. hepato- 
pancreas) extract had been ‘tested at an earlier date. After 9 days’ 
extraction it had an ereptic value of 1°63, or nearly twice the value 
given in the table, which was determined 15 days later. Probably the 


a Op. cit. supra, p. 350. 
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M, VERNON. 

considerable loss of activity which this extract underwent on keeping 
was experienced by the other extracts likewise, so the values given 
in the table may still represent roughly the true relative activities of 


the various tissues. Assuming that this is so, we see that the cardiac 
and skeletal muscle extracts were relatively much richer in erepsin than 


those of the corresponding tissues of other animals. In consequence of. 


the dual function of the liver or hepato-pancreas, the value obtained 
is placed against both liver and pancreas. The value for the intestinal 


- mucous membrane is placed in brackets, as it was obtained with an 


extract, not of the mucous membrane only, but of the whole intestinal 
wall. The ovary yielded a somewhat active extract, it being second 
only to the kidney in ereptic power. 

The tissues of the fresh-water mussel, Anodon, proved so friable 


that they could not properly be dissected from one another. Con- 


sequently the value given for the “liver” represents the ereptic power 
of an extract of the intestine with the liver and generative organ sur- 


rounding it, and that for the kidney, of an extract of fragments of the 


organ of Bojanus, dissected from four large specimens of the mussel. 
The skeletal muscle used consisted of the adductor muscles, which can 
readily be dissected out. It will be seen that all three extracts were 
very poor in erepsin, but we still find that the kidney contains the most 
ferment, and the skeletal muscle the least. 

The similarity in the relationships of the tissues of different animals 
to one another in respect of their ferment activity has been commented 
on more than once, but the data given in the accompanying table 
illustrate the point still more forcibly. In constructing this table the 
ereptic value of the liver extract of each animal has been taken as 
unity, and the ereptic values of the other extracts have been calculated 


in relation to it. Thus we see that of the kidney extracts, those of the’ 


cat, guinea-pig, and pigeon are all about three times greater than the. 
corresponding liver values, whilst that of the rabbit is nearly six times 
greater. Those of cold-blooded animals, on the other hand, are all of 
nearly the same relative magnitude as the corresponding liver values. 
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The intestinal mucous membrane extracts exhibit a greater constancy, 
four out of the six of them having an ereptic value 2°2 to 29 times 
greater than the cotiresponding liver values. The pancreatic values are 
more irregular, doubtless because of the varying amounts of trypsin 
present. The heart muscle values show a fair correspondence, five out 
of the seven ranging between *45 and 66. The skeletal muscle values 
agree still more closely, six out of the eight ranging from ‘14 to -27. 
Finally, three out of the four brain values — pay only from 
‘23 to 30. 

These cumparative results make it clear, deities that the iit 
lysing power of a tissue is no mere matter of chance, but is a definite 
factor dependent in some way at present unknown upon the particular 
chemical nature of the tissue itself. Arguing from their difference of — 
function, we know that the chemical processes taking place in, for 
instance, muscular tissues must be very different from those occurring 
in the liver, whilst these again must be very different from those in the 
kidney. We know, however, that whatever these chemical ‘processes 
may be, they must be of a very similar character for any given tissue, 
whether this tissue be found in a mammal, a bird, a frog, a fish, or even — 
—though with less certainty—in an invertebrate animal. Accordingly 
we find that the various tissues contain roughly speaking similar 
relative amounts of erepsin, whatever the species of the animal from ~ 
which they are taken. Apparently the tissues of mammals are as a rule 
somewhat richer in erepsin than those of a bird as the pigeon. With — 
more certainty we may say that the tissues of warm-blooded animals are 
richer in .erepsin than those of cold-blooded animals, and that the 
tissues of vertebrates are richer than those of invertebrates. The. 
striking difference in the relative activity of the kidneys of warm- 
blooded and cold-blooded animals has doubtless some significance. 
Perhaps it is dependent on the fact that in warm-blooded animals 
‘the general body metabolism is very much more rapid than in cold- 
“blooded. animals, and in consequence the kidneys have relatively 
much more work thrown upon them, this additional work necessi- 
tating increased ferment power. It seems, in fact, very probable. 
that the erepsin present in tissues is directly connected with the meta-_ 
- bolic changes which these tissues undergo. Thus we can see from the 
above tables that glands and tissues such as the pancreas, intestinal 
mucous membrane, kidney and liver, which are more especially connected 
with the digestion, absorption and excretion of food material, i.e. with 
the maintenance of the general nutritional condition of the organism as — 
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VERNON: 


a whole, are all comparatively rich in erepsin, whilst. other tissues such 


as muscle and brain, which are not directly concerned in the general 


nutrition of the bedy, but which have other and special duties, are 
comparatively poor in erepsin. As to the immediate function of these 
tissue erepsins no definite conclusion can be formed. Presumably they 
exert. their digestive activity upon any partially hydrolysed proteids 
which may be brought to them by the blood and lymph, and so assist 
the: intestinal erepsin in the decomposition of the food proteid ‘into 
amido-acids. Probably they also take part in the splitting up of any 
proteids which may be liberated from the protoplasm of the tissues 


when this is undergoing. katabolic changes, but until further research 


has indicated to what extent the ereptic activity of the tissues is 
influenced by the age and condition of the animal, by, the nature of 


its food and the of. digestion and other — 


is futile. 


‘eee THE INFLUENCE OF ACIDITY ON THE ACTION OF EREPSIN.. 


It was stated by Cohnheim’ that erepsin decomposes peptone best 
in feebly alkaline and neutral solutions, but does not act in feebly 
acid ones. This reaction to acidity and alkalinity clearly differentiates 
erepsin from the. intracellular ferments discovered by Salkowski’, 


Jacoby’, and others in several of the body tissues, for these ferments 


have been shown by Hedin and Rowland‘ to digest proteid only or 
mainly in an acid solution. Recently Hedin® has described another 


ferment in the spleen which acts only or mainly in an alkaline medium. 


However, this ferment is likewise quite distinct from erepsin and seems 
indéed to resemble trypsin, for it is a fibrin-digesting ferment, and has 
no specially marked peptone-splitting action. It is, perhaps, scarcely 
necessary to add that the tissue erepsins described above are quite 
distinct from trypsin, for, compared with their peptone-splitting action, 


- their digestive power on fibrin is at begt extremely small, and perhaps is 


non-existent. ‘Some observations made with juice squeezed under 100 
atmospheres’ pressure from minced pig's liver indicate this. Thus this 
juice, when diluted to ten times its volume. with water, °] */, Na,CO,, or 


i” he acetic acid, had in no case any appreciable action on raw fibrin in 


Op. cit, supra. 
Zeit. klin. Med, 1900, Suppl. 
3 Jacoby. Zeit. f. physiol. Chem., xxx. p. 149. 1900. | 
* Hedin and Rowland. Zeit. f. physiol. Chem., XXXII. we? 341 and 681. 1901. 
Hedin,. ‘This Journal, xxx. p. 155. 1908 
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4 at 38°, joe meme to have ation 
on fibrin.in 15 hours at 38°. 

In order to determine: how far the erepsin present in ‘other tissues 
resembles or differs from that in the intestinal mucous membrane in its 
reaction to acidity and alkalinity, an extensive series of comparative — 
digestions was ‘carried out. In the former paper already mentioned it 
was shown that the digestive power of intestinal erepsin increased 
rapidly with the alkalinity of the medium in which it was acting, but 
as the alkali also exerted a destructive influence on the ferment, the 
most favourable strength was not more than about 4°/, Na,CO,.' The 
erepsin of cat's kidney is affected by alkali in a very similar manner, for, 
as can be seen from the data given in the accompanying table, its 
activity was three to four times greater in presence of 1°/, Na,CO, than. — 
in neutral solution. Its initial peptolysing action continued to increase 
as the alkalinity increased, but, just as in the case of intestinal erepsin, 
the alkali was. found to exert a destructive influence upon the ferment. 
Thus the ferment hydrolysed 40°/, of the peptone in a considerably 
shorter time when acting in ‘1 °/,;.Na,CO, than in “4°/, Na,CO,, in spite. 
of the initial rate of action being much slower in the ssrsaed medium. 
than in the latter. 

In the lower half of the table are an the effects of faint acidity 

upon the action of the same kidney erepsin. In presence of ‘05°/, acetic | 
acid, the activity of the ferment (as judged by its 20°/, digestion time) 


Hours required to digest 
Extract of kidney ~ 

Water only 37 30°2 

2 ” ” 22-2. 1°8 70 370 

"05 °/, acetic acid 40 100 — 


was reduced to a.ninth of.its value when acting in neutral solution, and 
a thirtieth of that in -1°/, Na,CO, With increasing percentages of 
acetic acid even this slight digestive action rapidly diminished, whilst 
in presence of 05 to ‘2°/, of ee acid there was — any 
digestion at all. 

Arguing from, these it was thong that the relations of. the. 
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VERNON. 


various tissue erepsins to acidity and alkalinity would be most con- 
veniently tested by allowing them to act in neutral solution, and in 
presence of ‘1°/, Na,CO, and of *1°/, acetic acid. The comparative 
results so obtained are collected in the accompanying table. . The values 
given in brackets are-calculated from the times of digestion of 10°/, of 
the peptone (and not of 20°/, as in all other cases), for in their case 


digestion was too slow for the determination of the 20°/, times. From 
the values-given in the fourth column of the table we see that the 
digestive power of the erepsin of all the mammalian tissue extracts was 
enhanced to more or less the same extent—+z.e. about threefold—when 


it was permitted to act in presence of *1 °/, Na,CO, instead of in neutral 
solution.. This considerable increase of digestive power pertains only to 
the early stages of the peptone digestion, for it» has been shown in the 
former paper that if only the digestion is continued long enough the 
final amount of peptone hydrolysed is just the same in neutral solution 
as in ‘1 or ‘4 */, NasCO,. In presence of *1°/, acetic acid, however, the 
digestive power of the erepsin suffers a real and very marked diminution. 
Several extracts digested the peptone about sixty times more slowly in 
the acid solution than in the alkaline, whilst liver and spleen extracts 
digested it only 8 to 13 times more slowly. 3 


| e in wane 1%) acetic to acetic 
Tissue ‘1% NagOO; water _—water value acid value 
Cat’s kidney 13°38 3°7 3-6 (-17) 76 
» intestinal muc. mem. 11°4 2-9 63 
» Spleen 6-7 23 29 (:52) 13 
56 2-0 2-8 (17) 33 
» liver 5-1 1-8 2:8 (-44) 12 
Salivary gland 5:3 1-75 3-0 (-09) 59 
» pancreas 4°4 2°2 2-0 (12)... 87 
Rabbit's kidney 20°0 . 68 8-0 42 
»» intestinal muc, mem. 48 2-2 (36) 26 
» liver 8-5 175 (4) 8 
Pigeon’s kidney 15-2 5-8 2°6 8-1 5 
»» intestinal muc. mem. 4°3 16 21 3. 
_ liver 2-4 16 15 57 
Frog’s intestinal muc. mem. 48 a 2-8 70 7 
» liver 15 15 1-2 18 
Eel’s intestinal muc.mem. 
” kidney 66 27 2-4 1°4 
Lobster’s liver *87 27 (11) 8 
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EREPSIN IN.TISSURS. = 4% 


_ Are these considerable differences in the reaction of the ferment to 
acidity to be taken as indicating a genuine difference in the nature of 
the various tissue erepsins, or may they be dependent on some other 
factor or factors? Probably, though not certainly, this latter alternative 
is the correct one. Thus it was noticed that the digestive power of — 
the erepsin in freshly expressed pig’s liver juice was only moderately 
diminished when acting in presence of ‘1°/, acetic acid, On testing 
some of this same juice 22 days later, however, it was found that 
though its digestive value in presence of ‘1 °/, Na,OO, was undiminished. 
its value in presence of ‘1 °/, acetic acid was only a ‘fifth as = The 
actual — obtained are given herewith : 


Ereptic value when acting in 
4%) NagOOs Water “1% acetic acid 
- Liver juice fresh 8°6 51 80 
» kept 22 days 8°7 


The explanation of this marked change probably lies in the fact that 
the fresh juice was quite clear and must have contained large quantities 
of proteids and other bodies in solution, whilst the kept juice was 
milky in appearance and contained a considerable precipitate of these 
(presumably) proteid bodies. Probably these precipitated and coagu- 
lated proteids had to a considerable degree lost their power of combining 
with the acetic acid added, and so of protecting the erepsin from its 
harmful influence’. It follows, therefore, that the apparent reaction of 
tissue erepsins to faint acidity may be greatly obscured by the presence 
of variable amounts of proteids and other bodies in solution, and may 
not be due in the least to differences in the nature of the ferments 
themselves, | | 

To return to the consideration of the previous table, we find that 
the digestive power of the erepsin of pigeon’s tissues was on an average 
only 1'9 times greater in alkaline than in neutral; solution, whilst with 
mammalian tissues it was 2°7 times greater in the one medium than in 
the other. In acid solution, again, the average digestive value was only 
4 times smaller than in alkaline, whilst in mammalian tissues it was 
37 times smaller. This considerable difference in the reaction of the 
erepsin to acidity and alkalinity may be a genuine one, due to a true 


_ difference in the nature of the ferments, but unfortunately it is im- 


possible to speak with certainty on the point until it be found that the 
purified ferments, freed as far as possible from: proteid contamination, 


Cf. Vernon, This Journal, xxx1. p. 346. 1904. 
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react in the: same manner as these impure extracts, The extract of 
‘frog’s liver was influenced still less by the reaction of the medium in 
which it was digesting, its ereptic value in ‘1 °/, acetic acid being more 
than half as great. as its value in -1°/, Na,CO,. The erepsin of eel’s 
‘kidney extract showed the least retardation of all when digesting in acid 


‘solution, its ereptic value being only a third less than that in alkaline 


solution. ‘ Most abnormal of all, however, was the action of eel’s liver 
extract, for whilst in acid solution its ereptic value was a fourth as 
‘great as in alkaline solution, in neutral solution it had hardly any 
digestive power whatever. Thus in two different determinations it was 
found that after four days’ digestion only 8°7°/, and 8:1°/, respectively 
of the peptone: was hydrolysed. Presumably some antiferment was 
present in the. extract which was precipitated by addition of acid or 
alkali and so prevented from retarding the erepsin, but which. in neutral 
solution could effectually exert its influence. | 
_... The safe conclusions to be drawn from these PSS results are 
unfortunately somewhat meagre. The data may almost certainly be 
taken to indicate that the erepsins present in many mammalian tissues 
—so far as can be judged from their reaction to acid and alkali—are one 
and the same ferment. They ulso seem to suggest that the tissue 
erepsins of-other animals do differ appreciably from those of mammals, 
the difference being more and more marked the greater the morpho- 
logical divergence. Thus apparently the tissue erepsins of the pigeon 


_ differ moderately from those of mammals, those of the frog somewhat _ 


more, and those vf the:eel still more. Roughly speaking one may say 
that the lower one gets in the scale of the animal kingdom, the less and 
less is the digestive power of the tissue erepsins retarded by an acid 
- medium, As regards the vegetable kingdom, it has recently been shown 
by Vines! that extracts of practically all parts of all plants contain a 
peptolysing ferment, whilst certain plants contain a fibrin-digesting 


ferment in addition. These ferments act best at the natural acidity 


of the extracts, and deviations from this natural acidity in the 
direction either. of alkalinity or increased acidity retard or arrest 
the action. Hence the peptolysing ferments of plants differ consider- 
ably from the tissue erepsins of the higher animals. In the light of 
the above-quoted evidence, however, it seems not improbable that they 
might show a much closer pesemnblance to the Pies ss of the lowest 
members of the animal : 


1 Vines. Ann. Bot., xvu. pp. 237 and 597, and xvm: p. 289. 
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EREPSIN IN TISSUES. aT 


ARE ‘THE TISSUE EREPSINS. SPECIFIC? 


| The observations above recorded suggest that the erepsins diner 
in the various tissues of an animal are very similar in nature, if not 
identical. ° Still it is quite possible that ferments may react in the same 
manner to acidity, and yet differ in other respects. That they do so 
differ has already been indicated in one case, for it was shown in the 
above-mentioned paper’ that pancreatic extracts and intestinal extracts 
act very differently upon peptone which has previously been partially 
hydrolysed by ferment action. Thus peptone partly hydrolysed by 
intestinal erepsin was digested by fresh intestinal erepsin some 1°7 to 8°5 
times more slowly than normal peptone, whilst if previously hydrolysed 
‘by pancreatic extract, it was digested distinctly more rapidly than 
normal peptone. ‘ Pancreatic extract, however, in all cases digested the 
‘partially hydrolysed peptone very much more slowly than normal 
peptone; the digestion rate being 2 to 16 times slower in case of peptone — 
hydrolysed by intestinal erepsin, and 6 to 100 times slower in case of 
that hydrolysed by pancreatic extract. Nevertheless these. considerable 
differences do not. wholly justify the assumption that pancreatic 
erepsin is distinct from intestinal erepsin, as the pancreatic digestions 
were complicated by the presence of the very active tryptic ferment. 
Supposing, however, such considerable relative differences of digestion 
rate were established in the case of other tissue extracts, it would be 
permissible to look upon the erepsins = contained ‘as distinct 
ferments. 


ereptic 
digest (60% digest (00%, digest (6% digest 40 
Intestinal muc.mem. $87 10 20 ‘21 22 ‘17 
Kidney 93 10 14 82-28 +12 4 18. 
‘Pancreas. 48 10 ‘68 “16 (14) ‘16 
Brain ll 10 ‘1 (-10) 


‘The results obtained i in a series of experiments mnie with: datrants 
of various tissues of the cat are recorded in the accompanying table. 
Here it will be seen that in addition to normal Witte’s peptone, four 
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VERNON, 


other peptones were used. Witte’s peptone was kept at 38° for several 
weeks with small quantities of extract of cat’s pancreas, intestinal 
mucous membrane, kidney, and liver. The extract was added gradually, 
the total amount added being in no case more than 3°/, on the volume 
of peptone taken. Ultimately, after the pancreatic extract -had hydro- 
lysed 60°/, of the peptone, the intestinal extract 60°/,, the kidney 
extract 50°/,, and the liver extract 40°/,, the digests were heated to 90°, 
so as to destroy the ferment present. These partially digested peptones 
were then submitted to the action of the various tissue extracts recorded 
in the table, The actual ereptic value of each extract when digesting 
Witte’s peptone is given in the second column of the table, whilst the 
relative ereptic value, compared with the Witte’s peptone value taken © 
in each case as unity, is given in the other columns. As the hydrolysis 
was often extremely slow, it was not always possible to determine the 
time of digestion of 20°/, of the peptone. In these cases the relative 
digestion rates were calculated from the 10°/, digestion times, and the 
values so calculated are given in brackets. As regards the peptone 

_ previously hydrolysed by pancreatic extract, we see that three extracts 

out of the seven digested it more quickly than they did normal Witte’s 
peptone, whilst the remaining four extracts digested it only a half to | 
two-thirds as quickly. Lung and brain extract thus acted upon it 
relatively four times more slowly than did intestinal mucous membrane 
extract. Such a very considerable difference in digestive rate would 
seem to imply a distinct difference in the nature of the erepsins, and 
this deduction is supported by the results obtained with the other 
peptones. Thus the three extracts which acted most efficiently upon 
the “pancreatic” peptone also acted best upon the “intestinal” peptone. 
Their, average rate of digestion was ‘28, whilst that of the other four 
extracts was only ‘13, or less than half as great. In the case of the 
“kidney” peptone there was practically no difference, but with the 
“liver” peptone the relative rate of digestion by the first three extracts 
in the table was half as great again as that by the second three extracts. 
In every case, therefore, we may say that extracts of intestinal mucous — 
membrane, kidney, and liver had on an average a relatively greater action 
upon the partially hydrolysed peptones than had extracts of pancreas, 
heart muscle, lung, and brain. Also we find that intestinal mucous 
inembrane, extract, which digested pancreatic peptone relatively faster 
than any other extract, also digested kiduey peptone and liver peptune 
the fastest. That it did not act quite so efficiently upon intestinal 
peptone was only to be expected. ‘Thus none of the hydrolysed peptones 
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except the pancreatic were digested anything like so rapidly as the 
Witte’s peptone, the average rate of digestion by all the extracts being 
‘19 in the case of the intestinal peptone, ‘135 in the case of the kidney 
peptone, and *11 in the case of the liver peptone. The liver peptone, 
therefore, though hydrolysed to the extent of only 40°/,, was digested 
the least rapidly of the three, whilst the intestinal peptone, though 
hydrolysed to the extent of 60°/,, was digested the most rapidly. It 
follows that the products of action of the liver erepsin, or some unknown 
products present in the liver extract, exerted much more retarding 
influence upon subsequent digestion than did the products of action of 
kidney erepsin or intestinal erepsin. In every case there was doubtless 
considerable retardation, and hence one would naturally expect that such 
retardation would be greater when a tissue extract was acting upon 
peptone previously hydrolysed by some of the same extract, than when 
acting upon peptone hydrolysed by some other extract. In the case of 
intestinal extract acting upon intestinal peptone such increased retarda- 
tion almost certainly occurred. In the case of kidney extract acting — 
upon kidney peptone there was probably a small amount of extra | 
retardation, but as regards the action of pancreatic and liver extracts 
on their corresponding peptones it is impossible to judge definitely. 

It was stated by Cohnheim that intestinal erepsin has compara- — 
tively little action upon hetero-albumose, a moderate action upon 
deutero-albumose, and a marked action upon peptone. The above © 
recorded result, according to which Witte’s peptone, partly hydrolysed 
by the action of pancreatic extract, is digested twice as rapidly as the 
undigested peptone (which of course consists mainly of albumoses), 
agrees with this statement. Probably this greatly increased activity of 
intestinal erepsin upon peptone is a special property of this erepsin 
which has been specially developed in response to a special need. Other 
tissue erepsins such as those of the kidney and liver may have acquired 
it to a less extent, but the remaining erepsins, as far as we can judge, 
have no particular. preference for peptones as against albumoses. 


SUMMARY. 


The peptone-splitting ferment erepsin, discovered by Cohnheim in 
the intestinal mucous membrane, is present in all animal tissues. Thus 
it was tested for in glycerin extracts of 13 different tissues of the cat, 
8 of the rabbit, 8 of the guinea-pig, 7 of the pigeon, 8 of the frog, 7 of 
the eel, 6 of the lobster, and 3 of the fresh-water mussel, and was never 
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H. M. VERNON. 


found wanting. The tissues of mammals are as a rule somewhat richer 
in ferment than those of the pigeon, and those of warm-blooded animals 
are distinctly richer than those of cold-blooded. For instance, the 
tissues of the eel contain only about a fifth as much ferment as those 


of the pigeon, and a tenth as much as those of the cat. Poorest of all : 


are the tissues of invertebrate animals. 
Of individual tissues, the kidney was found to contain the most 
erepsin of all, for in warm-blooded animals—though not in cold-blooded— 
it was even richer in ferment than the intestinal mucous membrane. Next 


in order to these two tissues came the pancreas, spleen, and liver. Then 


with a very considerable drop came heart muscle, whilst skeletal muscle 
and brain tissue were poorest of all in ferment. Z 
All the tissues of the various animals contained similar relative 


amounts of ferment. For instance, the intestinal mucous membrane — 
of each animal contained about three times more ferment than tle liver, — 


whilst the skeletal muscle contained only about a fifth as much as the 
liver. The ereptic value of a tissue is therefore no matter of chance, 
but must be in some way dependent upon its particular function. 
The relative activity of the various extracts in “1 °/, Na,CO,, in 
water and in ‘1 °/, acetic acid was determined, and it was found that the 
erepsin of mammalian tissues digested peptone about three times less 
rapidly in neutral solution than in presence of alkali. In acid solution 
' the digestion rate was generally 30 to 70 times slower than in alkaline 
solution. The erepsin in extracts of pigeon’s tissues was much less 
reactive, the digestion rate in acid solution being only four times 
slower than in alkaline solution. Some of the extracts of frog’s and 
eel’s tissues were still less affected by acidity, so it would seem that the 
lower an animal is in the scale of evolution the less are its tissue erepsins 
influenced by the reaction of the medium in which they are digesting. 
| The various tissue erepsins are probably to some extent specific. 
Thus Witte’s peptone was partially hydrolysed by prolonged digestion 
with small quantities of extracts of cat’s pancreas, intestinal mucous 
membrane, kidney, and liver, and these different peptones were then 
subjected to the further action of various extracts. Taking the action 
of the extracts on Witte’s peptone in each case as a standard of 
comparison, it was found that intestinal extract had relatively much 
more action upon the partially hydrolysed peptones than had kidney and 
liver extracts, whilst these extracts had relatively more action than had 
extracts of pancreas, heart muscle, lung, and brain. 
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THE FORMATION OF PRUSSIC ACID BY THE 
OXIDATION OF ALBUMINS. II. By R. H. ADERS 
PLIMMER, D.Sc., Grocers’ Company Research Student. 


(From the Chemical Laboratory of the Lister Institute 
of Preventive Medicine.) 


IN @ previous communication® it was shown that, when albumins 
were oxidised with Neumann’s nitric acid mixture, a constant amount 
of prussic acid was formed. Oxidation was also carried out with other 
oxidising agents; of these, only chromic acid gave rise to the formation 
of prussic acid which in the case of casein was the same in amount as — 
when oxidation was performed with the nitric acid mixture. 

Investigations which were then made to determine the origin of the 
prussic acid showed that of the hydrolytic decomposition products of 
albumins only tyrosine gave an amount corresponding to that given by 
the albumins themselves when it was oxidised with the nitric acid 
mixture. Since, both with the nitric acid mixture and with chromic 
acid, the same amount of prussic acid was formed when casein was 
oxidised, it was expected that its origin would be the same in the two 
cases especially as Froehde® in 1860 had obtained prussic acid by the 
oxidation of tyrosine with chromic acid. Experiments however did not 
justify this assumption, since tyrosine when oxidised with chromic acid 
did not yield prussic acid, a result which confirms that of Thudichum 
and Wanklyn™ in 1869. | 

Inquiry as to the origin of the prussic acid when chromic acid was 
‘employed as oxidising agent was thus necessitated, and it was found 
that glycocoll and aspartic acid were the substances from which it 
originated, although a very small quantity was obtained from other 
albumins. 

These results led to a determination of the amount of prussic acid 
evolved from the other albumins; as expected it was quite different 
from that obtained when the nitric acid mixture was employed. 
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R. H. A. PLIMMER. 
Although the first experiments were carried out with tyrosine it is 


more convenient to describe and give the results in the same order as 


when the oxidation was carried out with the nitric acid mixture. 

The same apparatus and the same procedure as in the previous 
experiments were employed for the determination of the prussic acid ; 
instead, however, of mixing the substance under examination with the 
finely powdered potassium dichromate and then adding the dilute 
sulphuric acid, the potassium dichromate was dissolved in the sulphuric 
acid and water and this solution was added to the substance in a 
distilling flask. The proportions employed were those of Schlieper, 
namely, 1 part of albumin, 4 parts of potassium dichromate, 25 parts of 
_ water and 7°5 parts of sulphuric acid. At the commencement of the 
distillation no frothing occurred but towards the end the mixture 
bumped rather violently owing to the separation of salts; as a white 
precipitate was still being formed in the receiver more water was added 
in several small portions through the tap funnel; this put an end to 
the bumping and the distillation could be carried on until a precipitate 
was no longer formed in the silver nitrate solution. -Before redistilling 
the contents of the receiver in order to separate the silver cyanide from 
any silver chloride which might also be present, nitric acid was added 


so as to raise the acidity of the solution to about four times normal. 


As before the silver cyanide obtained was collected on a tared filter- 
paper, dried at 100° C. and weighed. | 

‘The following tables show the results which were obtained; for 
comparison the mean results obtained when oxidation was carried out 


with the nitric acid mixture are also given. The silver cyanide was 


also analysed and the results of these determinations are appended. 


AgON grm. AgON Mean% HON 
41172 0-1702 4-18) sean 
50794 0-2028 =405 0°82 0-74 
47646 0-1926 4-04 


0°1558 grm. AgON gave 0°1254 grm. Ag=80°49 per cent. Ag 
” » O1658_ ,, =80'°31 ,, ” 


Hemoglobin (Merck 
-AgON grm. AgON Mean% HCN 
4-1298 0-2246 5°44) mean 
50048 0°2726 5°455=5°60 1°18 0°56 
4°7616 0°2818 | 5°90 


0-2214 grm. AgON gave 01778 grm. Ag=80°31 per cent. Ag 
0°2682_ ,, ” » 02160 ,, ” = 80°54 ” 


» 

| 

A 
way 

| 

fey: 

A 
| 

| 

| 

| 

oy 

| 
} 

| 
1 

aseun er 
| 
| 
| 
| 

og 
| 

AM | 
| 
} | 

| 
| 

| 

| 

} 

ra 

| 

| 

a4 

3 
Ti 
a 
: 


PRUSSIC ACID FROM ALBUMINS. 53 


Fibrin (Merck). 
Amount HNO, mixture 
AgCN grm. AgON Mean HCN mean °/, HCN 
52866 02648. 5°44) mean 
50912  0°2770 6°447>=661 111 0°66 
89678 0°2236 5°64 


0°1924 grm. AgON gave 0:1546 grm. Ag= 80-35 per cent. Ag 
0°2816 ” ” » 0°2268 ” ” = 80°54 ” ” 


| Witte’s Peptone. 
Amouzit taken HNO, mixture 
grms, AgON grm. AgON Mean%)HCN mean HON 
4°2894 0°2026 4°72 = 4°67 0°94 0°53 
82036 0°1556 4°85 


0:2286 grm. AgCN gave 0°1836 grm. Ag=80-31 per cent. Ag 
01972 ,, ” » 01584 ,, ,, =80°32 ,, ” 


| Egg albumin. 
Amount taken HNO, mixture 
grms. AgCN grm. AgCN Mean °/, HCN mean °/) HCN 
4°2182 01816 4°30) mean 
3°1208 0°1360 4°36 > = 4°35 0°88 0°60 
523382 0°2290 4°38 


0°1762 grm. AgON gave 0°1418 grm. Ag=80°48 per cent. Ag 
01576 grm. 4 0°1264 = 80°20 ” 


Gelatine. | 
Amount taken HNOs mixture 
grms. AgON grm. %  AgCN Mean °/, HCN mean °/, HCN . 
2°1046 0°3646 17°32 
8°1112 0°4182 18°44; mean 
83°0412 0°3270 10°75 


02598 grm. AgCN gave 0°2088 grm. Ag=80°37 per cent. Ag 
0°4094 erm. 5, O8200 5, =80°36 ” 


From these tables it will be seen that the amount of prussic acid 
obtained by oxidation with chromic acid is greater than by oxidation 
with the nitric acid mixture. It is especially noticeable in the case of 
gelatine where 10—15 times the quantity is evolved; in the case of 
the other albumins about double the quantity is formed except in that 
of casein where the amounts are practically the same. This result led 
previously to the supposition that the origin of the prussic acid would 
be the same substance—tyrosine—which on examination proved not to 
be the case. 
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54 R. H. A. PLIMMER. 


As tyrosine was not the substance from which the prussic acid was 
formed experiments were made to determine whether the hydrolysis 
products of casein also gave rise to it. A known quantity of casein 
was therefore hydrolysed by boiling with three times its weight of 
concentrated sulphuric acid and six times its weight of water under a 
reflux condenser for 14 hours. The solution so obtained was oxidised 
by the same quantity of potassium dichromate dissolved in sulphuric 
acid and water in such amounts as to be the same as those used in the 
oxidation of the casein: this quantity was added to the solution and the 
distillation carried out as before, when the following results were 
obtained : 


Amount taken 
grms. AgCN grm. AgON Mean °/, HCN 
58126 
52060 03072 §-90| mean 
42186 0-2580 2! 
6-0664 08944 6-50 


0°5168 grm. AgON gave 0°4156 grm. Ag=80°42 per cent. Ag 
0°3880 grm. ,, » 03128 ,, , =80°62 ,, 


The amount of prussic acid thus obtained will be seen to be about 
half as great again as that obtained from the casein itself. This would 
appear to show that some of the groups which give rise to the prussic 
acid on oxidation are combined in the casein molecule but on hydrolysis 
are set free, thus giving rise to the larger amount of prussic acid. 


Nearly the whole of the prussic acid is evolved from the mono-- 


amino-acids, t.e. the products of hydrolysis not precipitated by phospho- 
tungstic acid. Two experiments were made with 5 grms. of casein 
which were hydrolysed and then treated with phosphotungstic acid as 
long as a precipitate was formed. The filtrate and precipitate were then 
treated with baryta in the usual way to remove phosphotungstic acid 
and after acidifying with sulphuric acid and filtering from barium 
sulphate were oxidised by chromic acid. The products contained in 
the filtrate gave 08 and 1-0 per cent. of prussic acid, whereas the 
— in the precipitate gave 01 and 0:05 per cent. of prussic 
aci 

The various mono-amino and diamino-acids were then oxidised in 
the same way as the albumins and with the same proportions of 
potassium dichromate, sulphuric acid and water. The following is a 


list of the compounds which were examined and the results which were 
obtained : 
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Glycocoll, 
Amount taken 
0°6842 0°3372 57°72 
0°3548 0°1658 46°73| mean 
02400 01852 54-39 
0°3684  0°2264 61°45 


0°4944 grm. AgON gave 0-8976 grm, Ag=80-42 per cent. Ag 


Alanine. 

0-2722 
0°6320 ~— 
Leucine, 

0°5172 00198 
1°0868 0°0366 0°68 
12014 0:0348 2°90 
0°0870 grm, AgCN gave 0°0694 grm. Ag= 79°22 per cent. Ag 
| Tyrosine. 
0°5050 
0°7940 
Tryptophane’. 
0°3466 


Proline or a-Pyrrolidine Carboxylic Acid. 


0°4202 0°0076 1:81) mean 
0°5238 0:0098 1-87) =1°84 0°37 


0°0154 grm. AgCN gave 00122 grm. Ag=79°22 per cent. Ag 


Aspartic Acid. 
05482 0°2084- 
0°7624 0-2890 87-91 } =88°15 7°70 
05208 0°2054 39°44 


02002 grm. AgON gave 0-1614 grm. Ag=80-60 per cent. Ag 
02854 ” 0°2296 ” ” = 80°45 ” 


_Glutamic Acid. 
0-4922 trace 
0°4950 trace 


4 
* 
7 
5 
> “sa 
4 
ah 
Py 
“4 
4 
a 
\ 
bas, 
1 “4 
note 
% 
é 
“ 


56 A. PLIMMER. 
Glucosamine Hydrochloride’. 
AgCN Mean % HON 
0:8496 0-0082 0:88 0-08 
Lysine Hydrochloride’. 
1-0588 
Arginine Carbonate’. 
0-618 0-0086 0°59 ona 


1 These compounds were kindly given to me by Messrs 
_ and Hedin, to whom I express my best thanks. 


From these results it is evident that seine and aspartic acids are 
the mother substances of practically the whole of the prussic acid 
formed by the oxidation of albumins by chromic acid, the small amounts 
obtained from the other amino-acids being negligible in comparison. 

The amounts of silver cyanide obtained by the oxidation of glycocoll 
are by no means constant; variable results were also obtained in the 


a of gelatine and they may be attributed to this constituent which — 


ntained in gelatine to the extent of 16°5 per cent. They are 
probably due to the difficulty of distilling so small a quantity which it 
was necessary to employ in order to obtain a quantity of silver cyanide 
which could be easily manipulated, as there was always considerable 
bumping and fresh water had to be added many times before eincau 
tion of silver cyanide in the receiver entirely ceased. 
The formation of prussic acid from glycocoll was observed as early 
as 1849 by Liebig, who used manganese dioxide and sulphuric acid as 
the oxidising agent; its amount however was not estimated. I have not 


been able to find any other reference to the formation of prussic acid 
from glycocoll. 


Aspartic acid, the other compound to which the origin of the prussic 


acid has been traced, gave much more concordant results; the highest 
figure was obtained when fresh water was added several times and the 


distillation prolonged over a much longer time. It is to this substance - 


that the prussic acid owes its origin in the case of hemoglobin which, 
according to the researches of E. Fischer and E. Abderhalden™, does 
not contain glycocoll. 

Prussic acid was not obtained from alanine or fc tyrosine and in 
all probability phenyalanine will behave in a similar way. I was un- 
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fortunately unable to obtain a small quantity of this amino-acid in 


order to perform this experiment. 

It was stated by Froehde® in 1860 that ‘teins on oxidation with 
chromic acid gave rise to prussic acid, a result which was not confirmed 
by Thudichum and Wanklyn™ nine years later ; these observers found 
that formic and carbonic acids were the only volatile oxidation products 
of tyrosine. Liebig® in his paper (loc. cit.) quotes experiments of 
Fr. Bopp who also found that tyrosine on oxidation gave no volatile 
products containing nitrogen. The prussic acid obtained by Froehde 
evidently arose from some leucine which he stated was contained in the 
tyrosine and to which he attributed the presence of valeric and acetic 
acids amongst the decomposition products. 

Tryptophane also did not give rise to prussic acid and glutamic acid 
gave only a trace of a silver salt which behaved like silver cyanide on 
distillation with acid. The other amino-acids gave only very small 
amounts of prussic acid, which may here be regarded as a secondary 
product. According to Liebig and Guckelberger valeronitrile is the . 
only volatile product containing nitrogen which is obtained from leucine, 
and is regarded as aaah to the prussic acid or formonitrile - 


obtained from glycocoll. 


As regards the mode of formation of the prussic acid from glycocoll 


it may be supposed that the first product of the oxidation is nitroso- 


acetic acid, which according to Cramer™ breaks down on heating with 


_ water at 120° C. into prussic acid, carbonic acid and water, thus: 


CH,. NH,. COOH +20 = CH = NOH.COOH + H,0 
CH = NOH — COOH = HCN +.CO, + H,0. 

The formation of oxamic acid which has quite recently been observed _ 
by Kutscher and Schenk™ to be an oxidation product of gelatine with 
calcium permanganate and has been attributed to the glycocoll which 
yields this compound on oxidation with permanganate can also be 
explained on the supposition tbat nitroso-acetic acid is the first 
oxidation product of glycocoll if, as v. Pechmann® suggested, this 
compound undergoes the Beckmann rearrangement into the isomeric 
acid amide, namely, oxamic acid: 

CH = NOH .COOH~—CO . NH,. COOH. 

It is more difficult to explain the formation of prussic acid from 
aspartic acid; like the other amino-acids the NH, group in it is 
combined with a secondary carbon atom whereas in glycocoll it is 
attached to a primary carbon atom. Its homologue, glutamic acid, 
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only gave a trace of silver cyanide, and this renders it impossible 
to give a satisfactory explanation. 

As regards the oxidation by nitric acid it was formerly stated that 
Hantzsch’s explanation of the formation of prussic acid by the action 
of nitric acid on complex organic compounds could not be applied to 
the albumins; in the light, however, of the above experiments with 
chromic acid this explanation of Hantzsch’s may be true for the 
formation of prussic acid from tyrosine by oxidation with nitric acid. 


SUMMARY. 


By the oxidation of albumins with chromic acid a constant amount 
of prussic acid is evolved which varies for each albumin. 

The amount of prussic acid obtained by oxidation with chromic acid 
is in general greater than by oxidation with Neumann’s nitric acid 
mixture. 

The products of hydrolysis of albumins give rise to a slightly greater 
amount of prussic acid than the albumins themselves. 

The prussic acid arises from the glycocoll and aspartic acid but the 


other amino-acids also give rise to a small — which is — 


in comparison. 
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THE EFFECT OF ADRENALIN ON SUGAR AND 
NITROGEN EXCRETION IN THE URINE OF BIRDS. 


By D. NOEL PATON. 


(From the Research Laboratory of the Royal College’ 
of Physisione, 


IN a previous paper! I recorded observations on rabbits and dogs which 
seemed to prove that the glycosuria induced by the subcutaneous 
injection of adrenalin is essentially a true diabetes. I showed that it 
is the result of a glycemia, that it is produced even when the stored 
carbohydrates have been cleared out of the body by phloridzin, and 
that it is accompanied by the disturbances in the distribution of nitro-— 
gen in the urine which occur in diabetes. 

Herter* has adduced evidence to show that adrenalin acts through 
the pancreas. His conclusion was based upon the observations that— 
(a) intra-peritoneal injection of adrenalin acts very powerfully in 
causing glycosuria, (6) painting adrenalin on the pancreas causes 
glycosuria, (c) the application of other reducing substances such as 
cyanide of potassium to the surface of the pancreas causes glycosuria. 
.It is however possible that the substance may be absorbed by the 
pancreatic blood and may act directly on the liver, although Herter 
states that the direct injection of adrenalin into that organ did not 
produce so marked a glycosuria. | 


It appeared to me that the observation of v. Mering and 
Minkowski’ that the removal of the pancreas in ducks and geese failed 
to produce diabetes afforded an opportunity of testing whether in all 
animals adrenalin causes glycosuria through an action on the pancreas, 

In the present series of experiments I have— 


1. Repeated and confirmed v. Mering and Minkowski’s obser- 
vations. 
1 This Journal, xxrx. p. 885. 1908. 
2 Virch. Arch. uxtx. p. 479. 1902. 
Arch, f. exp. Path. xxvi. p. 871. 1890, 
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2. Investigated the production of glycosuria in birds by the 
injection of adrenalin : 


(a) with the pancreas intact. 
(b) after removal of the pancreas. 


‘3. Studied the influence of adrenalin, and incidentally of sulphonal, 
on the distribution of nitrogen in the urine of birds. 


Method. An artificial anus was made in a goose or duck just 
behind the posterior border of the sternum, while the rectal orifice of — 
the cloaca was closed by a series of stitches, thus allowing the urine to 
- be collected apart from the faces. The animals bore the operation well, 
and lived for considerable periods. In most of them the bowel was 
daily cleared by enemata, but in one this was found to be unnecessary 
as, evacuations of the bowel took place spontaneously. 

. The urine was collected during the night by keeping the goose in 
a cage with a sloping floor opening into a vessel placed below. The | 
floor was kept scrupulously clean and any urine adhering to it was 
carefully washed off and collected. During the day the goose was 
allowed to go about and feed in the laboratory and the urine was 
collected in a tin vessel attached over the cloacal orifice and filled with 
cotton wadding. Admixture of feces with the urine was prevented 
during the course of the experiment by fixing over the artificial anus a 
large pad of wadding secured by a leather jacket which prevented the 
bird removing the pad with its beak. 

In the ducks no attempt was made to collect the total urine of 
24 hours but the animal was allowed to feed from 11 a.m. to 3 p.m. and 
the urine collected in cotton during the rest of the 24 hours. | 

The urine collected from below the cage was combined with that 
squeezed from the cotton, poured into a graduated cylinder through a 
loose filter of glass-wool to catch any feathers or other foreign particles. 
The wadding was then repeatedly washed in warm water and the washings 
added to the urine in the cylinder. Finally the wadding was washed | 
in dilute potassic hydrate to dissolve the uric acid still adhering to it 
and this was poured through the glass-wool plug into the cylinder and 
the suspended uric acid was in this way dissolved. Acetic acid was at 
once added. This prevented the loss of ammonia and caused a precipi- 
tation of the uric acid in very fine division so-that it could be equally 
distributed throughout the _ —" a fair — thus secured. 
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Removal of the Pancreas in Duoks. 


The complete removal of the pancreas is by no means so easy as the 
description of Minkowski and v. Mering would indicate. To remove 
80 to 85 per cent. of the organ is simple, but the remaining part so 
completely surrounds the nutrient vessels for the duodenal loop of 
bowel that only by nipping the pancreatic tissue away bit by bit with a 
pair of narrow-edged dressing forceps was I able to effect a complete 
removal. 

In three ducks in which about 80 per cent. of the pancreas was 
removed and in one in which complete removal was effected no 
glycosuria supervened. 


Production of by and Dicks 


(a) With the pancreas intact. In four geese and one duck experi- 
mented on, it was found that, provided they were not much emaciated, 
the administration of adrenalin chloride in a dose of 1 cc. of 1 in 1000 
adrenalin chloride (Takamine, Parke, Davis & Co.) per kilo of body 
weight caused a marked temporary glycosuria. 


(6b) With the pancreas removed. The duck from which the 
pancreas was completely removed weighed 1750 grms. After the 
injection of 5 c.cm. adrenalin chloride 1 in 1000 the urine passed during 
the succeeding four hours gave a marked and distinct reduction of 
Fehling’s solution. 

These observations show that’ in birds at least the glycosuria 
produced by the administration of adrenalin is not due to an influence 
upon the pancreas. 

The fact that, while the islands of Langerhans are well developed, 
in the duck the pancreas plays no important part in regulating the 
metabolism of sugar throws doubt upon the theory that the function of 


these structures even in mammals is to regulate the — 
metabolism. 


8. The Influence of Adrenalin and of Sulphonal on 
_ the Nitrogenous Metabolism in Birds. 


It appeared to be of no little interest to ascertain if in birds, which 
produce uric acid in place of urea as the final product of their nitro-. 
genous metabolism, any disturbance in the distribution of urinary — 
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nitrogen occurs when adrenalin is given similar to that which is 
observed in mammals, 

Normal Distribution of Nitrogen in the Goose and Duck. The 
_ previous investigations of Minkowski and of Milroy seem to show 
that the nitrogen in the urine of the goose is distributed somewhat as 
follows : | 

in uricacid . . about 60°, 
in other nitrogen . . , 20%. 


Of this “ other nitrogen,” according to Milroy’s tables, from 10 to 
20 is in the form of what he calls “ Monamido-nitrogen ”—1.c., nitrogen 
not precipitated by Bohland’s phospho-wolframic and hydrochloric 
acid mixture. 

The remaining small amount is in such combinations as the purin 
bases, the nitrogen of which Milroy finds to constitute a very steady 
0:002 grm. per diem. Creatinin has not been found in the urine of 
‘birds, 
Methods of Analysis. The urine was collected and prepared in the manner already 


The total nitrogen was determined by Kjeldahl’s method in 10 ¢.cm. of the. urine 
prepared as described. 

The urea and monamido-acid nitrogen was estimated by precipitating with phospho- 
wolframic and hydrochloric acid and determining the nitrogen of the filtrate. 

The ammonia nitrogen was determined by Schléssing’s method—50 c.c. being used. 

The difference between the total nitrogen and the sum of urea nitrogen and ammonia 
nitrogen may be taken as a measure of the variations in the uric acid nitrogen, since uric 
acid constitutes nearly 90 °/, of the whole of this. 


Exe. L A goose weighing 5460 grms. had an artificial anus made on Nov. 5th. On 
Nov. 22nd it weighed 4950 grms. and from the 23rd Nov. to Dec. 5th the urine was 
collected. It was analysed daily from Nov. 28th to Dec. 5th. On Dec. 6th the goose 


Bohland Ammonia Uric acid nitrogen 

Day witrogen Actual oftotal Actual ‘oftoml Actual ‘of tou 

8 122 O188 .0189 £O998 74% 

4 128 #jO177 4 0162 18 0851 740 10c.c. adrenalin, urine 
gives reduction. 

5 144 #0116 8 .0°184 9 1191 82°77 adrenalin; urine 
gives marked reduction. 

6 122 O170 14 18 0829 680 gives slight re- 

uction. 
7 #0940 0128 14 «0205 «622 «©0607 Urine gives no reduction. 
8 0824 0102 12 0107 2 640 
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Exp. Il. A goose weighing 5000 grms. had an artificial anus made on 16th Dec. Its 
food consisted of 100 grms. Indian meal with 100 grms. of oatmeal per diem but it never 
took more than about one half of this amount. The urine was collected and analysed 
from Jan. 7th to Jan. 21st. On Jan. 12th the goose weighed 3400 grms. and on the 22nd 
3635 grms. It died on the 26th and nothing abnormal was found on post-mortem 


Nitrogen in Urine. 


Bohland Ammonia acid nitrogen 
“Total Per cent. Per cent. Per cent. 
Day nitrogen Actual oftotal Actual oftotal Actual of total 
1 oO840 0098 0142 16 0600 7 
2 0580 0060 12 O070 12 0450 7 
8 009384 O11 11 O18 16 O81 7 
4 116 0142 12 lL O877 
O118 1 O188 17 0495 68 
6 O728 #+%OFf118 15 0603 70 adrenalin, urine 
| | ve very marked re- 
| ction. 
7 #+O987 O124 %12 O189 ##+%119 0674 69 Urine gave no reduction. 
8 123 0184 15 #O288F 19 O81 66. 
9 0926 O170 18 O194 #21 0662 61 
10-11 1°38 0339 68620 
12 1°03 0142 14 O808 20 O6856 66 1 at 4, 
ost of it lost. 
18 0472 O088 18 O077 16 O807 66 2 ay at 11. 
14 0295 O051 17 0059 20 O185 68 
15 06555 0066 OF:108 18 O88 79 
The results may be shortly tabulated. 
Average per cent. of total nitrogen in: 
‘Urea and 
_ Ammonia Uric acid oy 
_ Exp. I. Before 11 12 77 
After 12 17 
Exp. Il. Before 12 14 74 
After 16 19 65 
Under sulphonal 18 20 62 


In these experiments it was found impossible to fix the diet 
sufficiently. rigidly to allow of any conclusion being drawn as to the 
influence of adrenalin on the rate of proteid disintegration. 

As regards the distribution of nitrogen, the first. experiment shows 
no distinct change in the urea nitrogen, while the second shows a 
marked increase. 

The ammonia nitrogen in both experiments is markedly raised, in 
the first from 12 per cent. to 17 per cent. and in the second from 14 to 
19 per cent. 
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The uric acid nitrogen shows a decrease in the first experiment 
from 77 to 71 per cent. and in the second from 74 to 65 per cent. 

Adrenalin in the bird as in the mammal seems to inter- 
fere with the synthetic processes carried on in the liver. 

At the end of the second experiment sulphonal was administered 
by the stomach tube, Of the dose of 1 grm. given on the 11th day 


much was lost, but the dose of 2 grms. given on the 12th day was all | 


passed into the stomach. The goose slept for about twelve hours. The 
urea excretion was somewhat increased. The ammonia excretion was 
markedly raised, while the uric acid excretion fell to 62 per cent. 

Sulphonal thus acts on the metabolism in the bird as 
Eason and I found it to act in the mammal’. 

These observations support’ the view that uric acid is formed from 
ammonia compounds, and when considered in connection with Wiener’s 
experiments’, which show that, when a suitable linking acid is supplied, 
the amount of urea injected into a bird which can be converted to uric 
acid is greatly increased, they point strongly to the conclusion that it is 
through urea that ammonia is synthesised into the diureides of which 
uric acid is the chief. 


CONCLUSIONS. 


1. Adrenalin when administered subeutancously causes 
in birds as in mammals, 


2. It does not act through the pancreas. 


8. It causes a decrease in the proportion of nitrogen elaborated into 
uric acid, an increase of the nitrogen in ammonia, and probably an 
increase in the nitrogen in urea. 


The expenses of this investigation were defrayed from a iineiien received — 


from Mr Francis Mason. 


1 This Journal, xxvt. p. 166. 1901. 
* Quoted Maly’s Jahresbericht, xxx1. p. 758, 1901. 
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SOME OBSERVATIONS UPON THE FUNCTIONS OF 
THE THYROID AND PARATHYROID GLANDS. By 
SWALE VINCENT, Professor of Physiology in the University 
of Manitoba, Winnipeg, Canada, and W. A. JOLLY, oy 
of Edinburgh. Figures in | 


_ (From the Physiological Laboratory, University of Edinburgh.) 


Introductory. The following experiments were undertaken with the 
object of confirming or otherwise the statements of several authors as to 
the extreme functional importance of the parathyroid glands. As we 
proceeded we found it necessary to reinvestigaté the question of the 
function of the thyroid gland. In this enquiry we have encountered 
difficulties where, from previous study of the literature, we had not 
been led to expect them, and the simple and apparently consistent view 
of the functions of these glands, which has found favour recently, does 
not seem to us to be altogether borne out by the experimental evidence. — 
This view, briefly*stated, is as follows: As regards vital importance, the 
function of the thyroid gland is subsidiary to that of the parathyroids. 
Removal of all the parathyroids from an animal, even if the thyroid be 
left. intact, invariably proves fatal within a short time, and this with 
typical nervous systems described under the name of “tetany.” 
Removal of the thyroid, on the other hand, gives rise to an entirely 
different train of symptoms stated to be those of “ post-operative 
myxcedema,” or of “cachexia strumipriva’.” According to this modern 
conception, the divergent results obtained by the older experimenters, 
in different classes of animals, were apparent rather than real, they 
having failed to appreciate the anatomical differences, and having, in 
fact, performed a different operation in each case. This modern theory 
of the supreme importance of the parathyroids was first clearly put 


1 Kocher, Arch. f. klin. Chir. Berlin, XXIX. §. 254. 1888; Reverdin, Rev. Méd. de la 
Suisse Rom. Gendve, ave année, 1882, p. 589; 1888, Nos. rv.—v1. p. 169; 1887, pp. 275, 
318. 
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forward by Gley? in 1893, and has since been elaborated by Vassale* 
and other authors’. The most recent work on the subject, of which 
we are aware, viz. that of Kishi‘, loses much of its value from the 
circumstance that this author appears to be unaware of the existence of 
the internal parathyroids in cats and dogs; at any rate, he makes no 
mention of the four parathyroids which are very regularly present, two 
on each side, in these animals. 

From the writings of the authors who have supported the modern 
view it would appear to be a simple matter to remove, in some cases, 
the parathyroids, leaving the thyroid intact, and in others the 
thyroid, leaving the parathyroids in situ, Variations of these 


experiments would seem to be equally simple. Welsh’, indeed, who 


worked with the animal in which this operation is most easy, admits 
some difficulties in performing complete parathyroidectomy. Our 
experience has convinced us that he has understated rather than 


otherwise those difficulties. The obstacles in the way of success in this 


operation are mainly anatomical. The parathyroids are extremely 
variable in position. The external pair may, as a rule, be easily seen 
and removed, but the internal are, in the great majority of cases, 
embedded deeply in the substance of the thyroid. When it is 
remembered how vascular thyroid tissue is, how slightly the parathyroid 
differs from it to the naked eye, and how this difference, slight as it is, 
entirely disappears when there is any bleeding, it will be seen that the 
operation of digging out the internal parathyroid i¢ one of extreiie 
delicacy’. A further difficulty presents itself in the fact that there is a 
nodule of thymus also embedded in the thyroid lobe, frequently in close 
proximity to the internal parathyroid, resembling it on naked eye 
examination, and therefore easily mistaken for it in the course of the 
operation. Bearing all these difficulties in mind, we can hardly hesitate 


1 Arch. de Physiol, 6 v. p. 766. 1893. 

* Rivista di patol. nerv. e ment. 1. Fasc. 3 ¢ 7. 1896; Arch. Ital. de Biol. xxv. p< 459; 
xxvi. p. 61. 1896; xxxmz. p. 154, 1900. 
_ * Rouxeau, C. R. Soc. Biol. Paris, 1897, p. 17; Moussu, ibid. p, 44; Walsh Jour. 
of Anat. and Physiol., 1898, p. 380; Jour. of Path. and Bact., 1898; Capobianco. and 
Mazziotti, Giorn. Inter. delle Se. Med. xx1. Napoli, 1899; 2 Dissent. 
1897; Edmunds, Jour. of Path. and Bact., 1898. 

* Virchow’s Archiv, CLXXVI. 8. 260. 1904. 

even when the animal is dead. — 
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thyroid chances to lie near the surface of the thyroid lobe, the operation 
is an impossible one. The injury caused to the thyroid in endeavouring 
to excavate an almost invisible body from its substance, combined with 
the accompanying profuse hemorrhage, may,.we venture to think, 
_ account for some of the deaths which other experimenters have 
attributed to parathyroid insufficiency. It will be obvious that the 
other operation, viz. to remove all the thyroid tissue, while leaving the 
parathyroids with their blood supply uninjured, is still more difficult, 
and we have not even attempted it, though we have succeeded, in some 
cases, in leaving one or two external parathyroids. 

We have performed about 100 experiments, employing many different 
species of animals. We have used strict aseptic precautions and the 
Wounds have always healed by first intention. 

By our results we were early forced to consider the possibility that 
the nervous symptoms described might be due to mere surgical inter- 
ference’. We accordingly performed a series of experiments upon cats, 
dogs, foxes, monkeys, and rats, in which, without actual excision, we did 
damage to the glands and surrounding structures. Our results were 
negative. 

The animals upon which our. experiments Lisle been performed are. 
cats, dogs, foxes, monkeys, rats, guinea-pigs, and rabbits. These will be 
dealt with in order. We are indebted to Mr Thomas Lewis, BSc., 
University College, London, who made for us the drawings which 
accompany this paper. 

We have made no attempt to give a complete account of. the 
hterature on the subject. This is too enormous to be dealt with in a 
paper of this kind. References to the literature up to 1891 are given 
by Horsley in the Internationale Beitrdge zur wissenschaftlichen 
Medizin, Festschrift Rudolf Virchow gewidmet, Band 1, 1891. Further 
references may be found in the communications of Capobianco and 
Mazziotti*, and Kishi*. 

We have to thank Prof. Schifer for advice on many points 
connected with the work, which was done as one of the conditions of the 
tenure by one of us (S. V.) of the J. Francis Mason Research Scholarship. 
& Eaperiments upon cats. The anatomy of the thyroids and para- 
thyroids is fairly well known in the cat. The thyroid consists of two 


1 Philipeaux, Soc. de Biol. Paris, 1884, p. 606; Munk, Sitzwngsb. der Kgl. Preuss. 
Akad, der Wiss., 1887, 8. 823; 19, S. 1059; Drobnick, Arch. f. exp. Path. und Pharm. 
‘xxv, p. 136. 1888: 

2 Loe. cit. Loe. cit. 
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separate lobes. unconnected by an isthmus in the adult. The para- 
thyroids are very regularly four in number, two in relation to each lobe, 
an external more or less free upon the external surface of the thyroid, 
and an internal embedded in the substance of the lobe, nearer to the 
internal than the external surface, and always smaller than the external’. 
The anatomy of these organs in’ the cat is such as to render it by far 
the most suitable animal for parathyroidectomy. | 


Complete operation, i.e. Removal of thyroid and all four 
parathyrovds, at one or more operations. 


me Number of days of survival 
1, ? 8 days Typical acute nervous symptoms. 
Hallucinations on 4 Typical acu 
4, é 7 Ditto. 
5. ? Killed on 127th day Young cat; temporary cessation of growth. 
_ No signs of 
6. ? Killed on 88rd day No typical symptoms 
7 I days Typical acute nervous symptoms. 
8. ? 38 days Ditto 
9 ¢  Killedonll4thday Very severe nervous and other toms, from 
which it completely recov . 
ea 7 days | Typical acute nervous symptoms. 
é Killed on 91st day — Complete _re- 
18, é 17 days Ditto. 
14, ? 34 days Ditto. 
15. ¢ Killed on 14th day No typical symptoms. 


The above table shows that 10 out of the 15 cats on which the 
total operation was performed, either at one or more times, died soon 
after; the respective periods of survival ranging from 3 to 34 days. 
Five survived the operation. Of the animals which survived, three 
showed grave nervous symptoms as the result of the operation. The 
fourth (cat, Exp. 5), which was a young cat, ceased for a time to grow, 
while remaining otherwise perfectly normal. The fifth (cat, Exp. 15) 
showed no symptoms. On what theory are we to account for the 
exceptions to the rule that death rapidly follows the complete operation? 
These exceptions are fairly numerous, and they have also formed a 
conspicuous feature of previous investigations. The presence of accessory 

? For the first accurate account of these organs in the cat we are indebted to Kohn, 


Arch. f. mikr. Anat. xu1v. Bd, 1895, and xuvmt. Bd. 1896. See also Ergebnisse der Anat, u. 
Entwick. Merkel u. Bonnet, rx. Bd. 8. 194. 1899. ° 
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thyroid or parathyroid tissue suggests itself as a probable explanation, 
but it must be borne in mind that a careful post mortem dissection of 
neck, thorax, and even abdomen, failed to disclose such bodies. oy 
The typical nervous symptoms following the above operation have 
been fully described by many previous observers, most frequently under 
the name of “tetany.” As we have observed them, these symptoms are 
as follows: The cat is perfectly well on the day following the operation, 
on the second day there is usually a curious “ paw-shaking” and some 
malaise. This is followed in rapid succession by tremors, stiffness of 
gait and convulsions. Even in a quiescent state, the forelegs tend’ to be 
flexed, while the hind legs are extended, a position exaggerated during 
the convulsions. What has specially struck us in connection with these 
symptoms is that the initial stages appear to be attended by little or 
no inconvenience to the animal, while unconsciousness is invariably 
associated with the later and severer symptoms. Hallucinations are 
fairly common. Of symptoms not directly referable to the nervous 
system we have observed conjunctivitis and respiratory catarrh. 
Exps. 9 and 11 require a few more words. The former was on 
a youngish cat. On Tuesday, May 10th, everything was removed 
except the left external parathyroid. Typical symptoms commenced 
on the following day and rapidly became very marked till the animal 
seemed upon the point of death. After careful nursing, however, it 
completely recovered and remained in perfect health till June 13th, 
when a second operation was performed with the object of removing 
the remaining parathyroid. This was found to have degenerated. Its 
fibrous remains were, however, removed. No symptoms ensued. The 
cat was killed on September Ist. Cat Exp. 11 resembled the 
preceding in exhibiting and recovering from grave nervous and other 
symptoms. Its health afterwards became perfectly reestablished. 


One or more parathyroids left m situ. 

Eee, | Description of operation Fate of animal, 
16. Thyroid entirely removed. 2 external from operation. 
| parathyroids left. Post mortem, the playful 
| thyroids left were found to afterwards, but did not grow as 
ve altered in microscopic a might have been expec from 
pearance, exhibiting one of its age. Died 76 days after the 
stages of transformation more operation from septic pneumonia. 

re 7 2a. referred to. 


4 Both thyroid lobes with internal Cat remained perfectly normal and 
parathyroids removed. Both ex- gave birth to 8 kittens. 33 days 
_ ternal parathyroids left in situ. after the Ist a the 2 re- 
maining yroids were re- 
| moved AR ces cat died on the 
llth day thereafter with typical 
symptoms. 
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Description of operation 
Both the parathyroids on | eu 
external 


left side left in situ. 


It was ones i to remove all the. 


one the The cat 
therefore had 2 thyroid lobes and 

1 parathyroid remaining. 
Pry? er ted to remove all the 
leaving both 

bes in situ, but post mortem, a 

large parathyroid was found on 
the right side. The cat therefore 


It was attem 


to leave nothing 
poss one lo 


of thyroid, but ‘post 

& parathyroid was found 
in it. The cat 
had 1 thyroid lobe and 1 


para- 
aining. Post mortem, 


rem 

id was found in the vesicles 

_ of the thyroid lobe left in situ, 
had ied, while 


Both thyroid lobes and 3 parathyroids 
were removed, leaving the right 
id only in situ. 


It now exhibited 


Both thyroid lobes removed. The 


two external parathyroids left in 
situ. Post mortem, the para- 
thyroids were found to have 
structure, resembling 


Both The 


Fate of animal 

Cat remained well, 56 _ after 
1st operation, both thyroid lobes 
and the remaining parathyroid 
were removed and it died 88 days 
thereafter with typical symptoms. 


The al remained well. 
Killed 96 days after citer 


t symptoms were observed for 
e first day or two after operation. 
Thereafter the cat remained quite 
normal, Killed on 71st day ‘after 


The cat remained perfeotl 
Killed on 40th day after operation. 


The cat Swabian normal. 13 days 
after the Ist operation, the re- 
maining parathyroid was removed 
and the cat died on the 17th day 
thereafter with typical symptoms, 

and that, although attempts were 
made to prevent death by the 
extract of 


remaining thyroids removed. 

The cat, which was advanced in 
owed 

day aor od 

operation. 


The above table shows that where one thyroid lobe was left and one 
parathyroid, or two thyroid lobes with one parathyroid, the cats re- 
mained well. Where parathyroids alone were left, out of five cases, only 
one proved fatal. In this case (Exp. 16), the animal survived the 
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operation 76 days, and post mortem pus was found scattered through 
both lungs. It seems probable therefore that death cannot be attributed 
directly to the operation, although the complete removal of the thyroid 
may have left the animal less able to resist disease. In other cases 
it has been observed that conjunctivitis, catarrh, and septic inflammation 
readily attack cats which have been deprived of the thyroid. 

The fact that cats survive where the thyroid gland has been removed, 
_ if one or more parathyroids are suffered to remain in situ, points to the 
probability that parathyroid tissue, whether active or not where thyroid 
tissue is present, can, in its absence, functionally replace it. The 
structural changes, which we shall later refer to more particularly, 
observed in the parathyroids which have remained after removal of the 
thyroid, strengthen this view, and would correspond to the functional 
alteration necessary under the circumstances. 3 

It appears, however, that the parathyroids cannot entirely replace 
the thyroid in function. Thus, cat Exp. 16, which was a young and 
growing cat, had its growth entirely arrested by the removal of the 
thyroid, and remained for 76 days without increasing in size or weight. 
This condition was not one of cretinism. The cat was playful, active, 
and intelligent and its appetite was good. A closer relationship between 
growth in size and the action of the thyroid, than has hitherto been 
suspected, would seem to be here indicated. Cretinism in the light 
of this experiment we must regard as due to causes more — than 
mere thyroid insufficiency. 

It will be observed that in Exps. 7 and 13, when the peeablageetiie 

which had been left wm situ were removed at a subsequent operation, 
the cats died in 11 and 17 days respectively.. On the other hand cat 
Exp. 15 showed no symptoms for 14 days after the remaining parathyroids 
were removed. It was then killed. Further, in the case of cat Exp. 8, 
when the thyroid and one parathyroid which had been left at the first 
operation were removed, the cat died in 33 days thereafter. 
_ Since the ascertainment of the results of complete parathyroidectomy 
was the principal aim of this research, we operated upon a large number 
of cats with this object. The small number of experiments in the above 
table indicates in how few cases this operation is a possible one in our 
hands. In the great majority of cases, rather than perform an uncertain 
operation, we were compelled by the anatomical difficulties to forego 
the oe and to kill the animal under an angsthetic. 
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Thyroid left; all parathyroids removed. 
Expt. . Description. of Fate of animal 
Right thyroid lobe including its para- Died on 4th day after 
es thyroids completely removed. The Muscular tremors observed, but 
two parathyroids of left side de- no other typical symptoms. 
stroyed by cautery, but left thyroid rigs 
lobe left in situ. 
$3. Four patathyroids were seen and de- Cat remained perfectly well. Killed 
eas stroyed by cautery. Both thyroid 78 days after operation. 
lobes left in situ. 
23. | Four parathyroids seen and destroyed Cat, which was advanced in preg- 
by cautery. nancy, had severe convulsions. 
freely cauterised. thyroid Died on 5th day after operation, 
lobes. left in situ. 
12. Four ds and tthyroid The cat remained normal. 22 days 
the thyroid after the first on the re- 
lobe left in situ. maining thyroid lobe was removed 
and the cat died'on the 5th day 
yee thereafter with typical symptoms. 
24, Four pat seen, ligatured off Cat remained perfectly well. Killed 
: and cut away 45 days after operation. 
25. - Four parathyroids seen, ligatured off | Cat remained perfectly well. Killed 
cut away. 48 days after operation. 
26. <a seen, ligatured off Cat remained perfectly well. Killed 
_ and cut away. 35 days after 
27. The middle portion of each typical nervous sym 
lobe containing both parathyroids 
ligatured off and cut away. 
28. Both parathyroids removed from had slight nervous 
| lobe. 2 No parathyroids were visi ie symptoms. 23 days after 
in connection with left lobe, so operation. 


middle portion cut away. 
Post mortem, thyroid normal. No 
parathyroids found. 


From the above table it will be observed that only 33 per cent. of 
the experiments proved fatal. One of these (Exp. 21) it will be noted 
had not complete typical symptoms, and we doubt whether much weight 
should be attached to this case. In the other two cases which proved 
fatal, the thyroid gland was found on post mortem examination to be 
extensively damaged. In the great majority of cases it will be 
seen that no ill effects of any kind resulted from the operation. 
_ We are forced to conclude from this that simple parathyroidectomy i in 
the cat, where the thyroid gland is left uninjured, is not necessarily 
fatal. This view is directly opposed to that of Vassale and Generali. 
Vassale and Generali’ state that they removed the internal para- 
thyroid with curved scissors. The resulting hemorrhage must have 
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been ‘considerable. If this hemorrhage were checked by the cautery 
much damage to the thyroid tissue must have been caused. Further, 
the use of curved scissors in this way would necessitate the removal of 
a large slice of thyroid. Our fatal cases were those in which we had 
done most damage to the thyroid. In most of our experiments we 
have picked up the parathyroid with dissecting forceps and — | 
it off before excision, thus entirely preventing hemorrhage. | 

Although we have performed so many experiments in cats we have 
seen nothing which could be described as myxcedema, and as already 
noted in the kittens nothing which could be correctly described as 
cretinism. 

Eaperiments upon dogs. The ead as in the cat, consists of two 
distinct lobes unconnected by an isthmus. The parathyroids are 4 in 
number as in the cat, but the external pair are very rarely separate 
from the thyroid, being usually embedded in its substance, and it is 
rarely found that both internal parathyroids can be seen exposed upon 
the internal surface. For this reason we have confined ourselves to the 


in dogs. 


Expt. Nature of operation Fate of animal 


i, é 7 and parathyroids removed. § Remained well until 2nd day after 
: mortem, no trace of thyroid operation, when it had a severe 
or was attack of ty 

parathyroid tissue was found in k of typical character. On 
the neck. - the 4th day it had enti re- 
covered from this attack. : 

after it remained fairly well till 
the 27th day when it had another — 
nervous attack, from which it 
parti recovered and died on 
the 87th day after operation. 


and removed. Had typical symptoms and died on 


Ditto. Had typical symptoms and died on 
15th day after operation. 
4. 3 Some h»morrhage. Had and died 
‘Ditto. mortem, no of ny Had no 
Chet btful body removed 91st ite, operation, 
from mange. 
Found to be to be 


Tt will be seén that out the 
in one produced no symptoms. So far from. exhibiting any: morbid 
symptoms, this dog remained in robust health, until attacked by mange. 
There cannot in this case be the slightest doubt that thyroids and para- — 
thyroids were completely removed. The operation itself’ was very 
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satisfactory and every precaution was taken post mortem to check the 
result; and. no ‘accessory thyroids nor parathyroids were present. The 
symptoms observed in the dogs which died resembled in many respects 
those described above as occurring in cats, though on the whole they 
were less acute. No myxcedematous swellings were observed. 

Experiments wpon fowes. The anatomy of the thyroids and para- 
thyroids is similar to that of dogs. 


Expt. _. Nature of operation _ Fate of animal 
1. ¢ Thyroids and parathyroids removed. Recovered entirely from operation : 
| 4 hours afterwards was 
, 5 hours after operation acute 
nervous symptoms  supervened. 
The animal was lying down pant- 
ing hard, trembling, 
truding. Later, it was sei 
laryngeal stridor. There were in- 
termissions, but the animal died 
in 5 days. 


_ Recovered from operation, but died 
during the night. 

Recovered from operation. Typical 

_ symptoms, cramps, tremors, respi- 

ratory trouble, salivation, spasm 

of nictitating membrane, were ob- 

served next day. Found dead on 


morning of 13th day after opera- 
tion, 


Operated upon at 9.45 p.m. At 
1.80 a.m. breathing .rapid with 
slight.convulsions, 2 a.m., lying 
in bottom of cage salivating. 
Breathing very rapid. Cannot 
rise. 2.15 a.m., typleal “tetany.” 
2.80, convulsions, 2.85, fits in 
rapid succession. 


Eyes glazed. 
2.45, comatose. Died at 2.47 a.m. 


In addition to the above, we have experimented upon one other fox, 
modifying the operation by ligaturing the vessels and nerves supplying 
the thyroids and parathyroids, but suffering the glands to remain 
in situ. The animal remained perfectly well. We may note, however, 
that the eyeballs seemed more protuberant than usual, but we are not 
prepared to discuss this symptom. The point in regard to foxes to 
which we wish especially to draw attention is the remarkable rapidity 
with which the symptoms appear, viz., within 5 hours in two cases and 
probably in'a third. In this connection it is significant to note that 
foxes are the most purely carnivorous of the animals which we’ have 
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employed. It will be observed that ligature of the blood caren was 
not followed by any specific symptoms. ~ 

General observations upon experiments on Several etevious 
investigators from Schiff* onwards have noted the fact that thyroid- 
ectomy in dogs and cats is by no means always fatal. At the same 
time there has been a tendency to disregard the exceptions, and where 
any explanations have been offered it has been suggested that they are 
due to parathyroids having been overlooked at the operation, or to the 
existence of accessory thyroids. Munk’, indeed, is the only observer 
who has laid due stress upon the cases of survival. This observer 
admits that removal of the thyroid is dangerous, but not that it is an 
organ entirely essential to life. We cannot assail the logic of the 
position that the thyroid which may frequently be removed with 


impunity is not “essential to life,” and our results force us to extend 


the observation to include the parathyroids also. But we consider that 
the thyroid has undoubtedly a specific function, which can be performed 
in its absence by the parathyroids.) Symptoms, when they occur, 
are thus to be attributed to the absence or interference with 
the functional integrity of both sets of glands. We are con- 
vinced that the theory of accessory thyroids or parathyroids is insufficient 
to account for cases where perfect health is regained after operation, 
and we must conclude that the functions of these glands can be 


otherwise performed or, indeed, dispensed with. If this is the case 


in Carnivora, it is, as we shall see later, more emphatically so in other 
groups of Mammals, In no Carnivora have we seen any condition 
resembling myxcedema’. 

_ Euperiments upon monkeys. We have sometimes found in the 
monkey the thyroid lobes united by an isthmus, sometimes unconnected. 
The parathyroids are 4 in number, 2 on each side, and are always, so 


‘far as we have seen, embedded in the substance of the thyroid, so that 


in our experiments as well as in those of previous observers, they must 
always have been removed along with the thyroid, and this more uni- 
formly even than in the Carnivora. Owing to the difficulty of simple 
parathyroidectomy, we have confined. in the case of 
to the complete operation. 


1 Untersuchungen iiber die Zuckerdildung, Wiirzburg, 1859, p. 61. Revue Méd. de la 


Suisse Rom., 1884, p. 65. Archiv fiir exp. BE, Inter- 
national Physiol. Congress, Basel, 


2 Vireh. Archiv, cu. 1897. 
3 See also Munk, loc. cit. 
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Nature of operation 


thyroid lobes were both cut in 
serial sections and examined mi- 
par pically and all the parathy- 


roids seen. 
Note :—We submitted these sections 


= d parathyroids removed. 
ost mortem, no thyroids nor para: 


Thyroids and parathyroids removed. 
Post th 7 


and parathyroids aed 
thyroid lobes cut in serial 
sections and examined microscopi- 
cally and all the parathyroids seen. 
' Post mortem, no thyroids nor para- 
thyroids found. 


removed, 
thyroids found. 


Thyroids and parathyroids removed. 


id 
DOr pate- 


Animal remained 


Fate of animal 
active. No signs of myx 
could be observed. Killed 67 days 
after operation. No trace of thy 
roids or parathyroids found. 


Animal remained well; 49 days after 


operation was seized with some | 


laryngeal ‘‘croupy”’ affection, caus- 


ing loud inspiratory “whoops.” 


Died on the 50th day after opera- 
tion, from this supervenient 
disease, no symptoms 
having been observed 


3 days after anflered 


but distinct muscular 


.Has since been per- 
well Killed 66 days after 
operation. 


| a remained well and active: 


ata after the operation it was 
ed by a severe catarrh of 
from 


respiratory passages 
which it died week later, 73 
days after operation, no specific 
symptoms having been observed. 
Recovered from operation. 3 days 
after showed typical tetany from 
which it entirely recovered. The 
however, recurred. 
60 days after operation 
still suffering from. slight spastic 
symptoms. 


Recovered completely from opera- 


tion. Remained perfectly well. 
_ Killed 55-days after operation. 


Animal remained well and active. 
No mo fgg of any kind 
Killed 48 days after 


operation. 


"These results differ from those obtained by Horsley’, Murray? and 


Bdiiends! who state that it is possible by operation to induce 


a Proc, of the Royal Society, 1884, No. 235, and 1886. Brit. Med. a 1885, Jan, 
17th and 3lst. Internat. Centralb. f. Laryngologie, July 1885. Comptes Rendus Hebd. de 
la Soc. de Biol., Dec. 1885. Report of the Myxadema Committee of the Clin. Soc., 1889. 
Lancet, Deo, 1886, Brit. Med. Jour., 1890, 8th Feb, and 
tur wissensch. Med. Virchow Festschrift, r, 1891. 


2 Diseases of the Thyroid Gland, London, 1900. 
3 Jour. of Pathology, 111., v., v1. and vi., 1896—1900. The Pathology and Diseases of 
1901. 
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myxesdema in monkeys. Our animals were kept at ordinary indoor 
summer temperature without any steps being taken to raise it arti- 
ficially, yet they showed no symptoms which could be attributed to 
myxedema’, They were occasionally subject to catarrh, and one died 
of some laryngeal affection, and it seems probable that, as in the case 
of other animals, removal of the thyroid gland leaves monkeys in 
a condition in which they are less capable of resisting disease. What 
seems to be the most important result of the experiments, however, 
is that the removal of the parathyroid glands, included of course in the 
complete operation, has never proved fatal in our hands, although in 
some cases transient nervous symptoms have been observed. There is 
no reason to attribute death, which occurred in two of our cases, to 
absence of thyroids or parathyroids, since the death rate in unoperated 
monkeys kept in a laboratory is frequently high. From our results it 
would appear that the parathyroids do not possess in monkeys so im- — 
portant functions as in the Carnivora. In mnenye neither the thyroids 
nor parathyroids are essential for life. 

Experiments wpon rats. The thyroid in the rat consists of two lobes 
united by an isthmus. It is stated that there is only one: parathyroid 
in connection. with each thyroid lobe. We have carefully dissected 
several specimens and have failed to find any more parathyroids. The 
one which is present on each side lies on the external surface of the 
thyroid lobe and would seem to correspond to the external parathyroid 
‘of the cat. It is easily accessible and may be cauterised without much — 
difficulty. 


- Complete operation. 
Expt. Nature of operation Fate of animal 
Thyroids and parathyroids ligatured § Remained perfectly well. Killed 95 


ound 


parathyroid destroyed Remained perfectly well Killed 16 
Post mortem, days after operation. 


1 This corresponds with the observations of Munk, loc. cit., and Kishi, loc, cit. 
Kishi, however, obtained one death out of six with tetanic symptoms, 
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Thyroid left; both parathyroids removed. 


Nature of operation Fate of animal 
Both parathyroids ligatured off and - Remained perfectly well. Killed 49 
away, days after operation. 


by cautery. Post mortem, white days af 
found at seat of cauterisa- 


parathyroids and destroyed Remained perfectly well. Killed 34 
cautery. no para- days after operation. 


_ The above experiments prove that in rats the thyroids and para- 
thyroids may be destroyed or removed without affecting the animal in 
any way. In no case were nervous symptoms produced by the extirpa- 
tion of the parathyroids, and even where the thyroid was also removed, 
‘no apparent effect. was produced upon the animal's health. | 

| Eaperiments wpon guinea-pigs. We have been unable to find a satis- 
Pa account of the anatomy of thyroids and parathyroids in the 
guinea-pig. We have, accordingly, devoted considerable time to the 
subject as a preliminary study. The thyroid. usually consists of two 
separate and distinct lobes, but occasionally there is an isthmus uniting 
the lower ends of the lobes. The number and position of the para- 
thyroids is extremely variable, more so than in any other animal which 
we have examined. It may be stated as a general rule that each lobe 
contains a parathyroid, more or less embedded in its substance, and that 
there are in addition two others, one on each side, distinct from the 
thyroid substance, separated from it by a variable interval, and varying 
also in the level at which they occur. In many cases a guide to these 


true external parathyroids may be found in a blood vessel connecting — ) 


them to the thyroid lobe. Frequently there may be two or even three 


parathyroids embedded in a thyroid lobe. In these cases it will 


probably be found that there are no true outstanding bodies. The 
total number of parathyroids is extremely variable. we have found 
as Many as six in one animal, 


on. These were not examined 
microscopically, but probably con- 
sisted of scar tissue, as the cauter- 
isation at the time of operation 
parathyroids seen and destroyed perfectly well. Killed 40 
by cautery. days after operation. 
_ thyroids found. 
by cautery. “gras 
days after operation. 
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_ We have performed the complete operation upon four guinéa-pigs, 

which subsequently presented no symptoms of any kind, and were killed 
55, 53, 55 and 46 days respectively after operation. 
_ In one case we removed the thymus, thyroid and five or six ensats 
parathyroids. The animal showed no symptoms except a slight laryngeal 
stridor, undoubtedly caused by injury to the recurrent laryngeal nerves. 
It ‘was killed 78 days after operation. Post mortem, a small piece of 
thyroid tissue, which had apparently hypertrophied, was ~— in 
the neck. 

‘In the remainder of our experiments on guinea-pigs, 4 in number, 

we attempted to remove thyroids and parathyroids, and the operation 
was followed by no morbid symptoms. Post mortem, however, either 
thyroid or parathyroid tissue was found in the neck. - Shreds of thyroid 
tissue left behind at the operations possessed a striking power of hyper- 
trophy, even regenerating in some cases a piece of tissue equal in size 
to the original thyroid lobes. We have never observed hypertrophy 
of parathyroid tissue in the guinea-pig or other animal. The extreme 
variability in the anatomy of the parathyroids has rendered our experi- 
ments less satisfactory than in the preceding animals, We can only say 
that our operations, however extensive, have not been followed either 
by déath or specific symptoms. We are inclined to conclude from this 
that in guinea-pigs neither nor is 
a fatal operation. — 
Eapervments upon rabbits’. We have four experiments 
upon rabbits, but finding it difficult to make sure. of avoiding injury 
to the recurrent laryngeal nerve we desisted from operating upon this 
animal. We cannot here speak with any confidence, but we believe 
that the presence or absence of parathyroids makes little difference 
to the animal's health*. 


GENERAL CONSIDERATIONS. _ 
Under the head of “Carnivora” we stated it as the rule that 
removal of both thyroids and parathyroids is a fatal operation. At the 
same time we called attention to the large number of exceptions to this 
rule. In pabkerisie., the results of our experiments upon other animals, 


distinct from the thyroid, usually at some distance from it. wie 8 

2 Cf. Blumreich and Jacoby, Pfiiger’s Archiv, uxrv. 1896. 
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we find that what is exceptional in the case of Carnivora forms the rule 
for Mammals generally, that is to say, in our series of experiments 
upon cats, dogs, foxes, monkeys, rats and guinea-pigs, more 
than 51°, have survived the operation for a prolonged period, 


and of these more than 68°, showed no specific symptoms 


of any kind. In making these calculations we have left. rabbits 
altogether out of account, but we believe that if they. were included 


the percentage of negative results would be still higher. It was pointed — 
out many years ago by Horsley’ that the results of thyroidectomy were | 


very different in different classes of animals. It is to be noted that this 
observer, although he was aware of the existence of the parathyroids, 
did not take them into account in his experimental work. Later 


observers*, while recognising this difference of behaviour, explained - 
_it. by reference to anatomical considerations, affirming that in Herbivora 
‘some of the parathyroids were left behind, and that in Carnivora they — 


were all removed. Thus Gley in 1891 rediscovered the external 
parathyroids* and urged that in the rabbit the fact that previous 
observers had been able to extirpate the thyroid without ill effects, 
was due to the fact that a different operation was performed in different 
cases. In the cat and dog, the parathyroids, owing to their close contact 


with the thyroid were removed along with it, while in the rabbit the 


parathyroids (external) were placed at some distance and escaped ex- 
tirpation. The work of Vassale and Generali‘ strengthened this 
view, and it has since been very generally accepted’. As stated above, 
we do not lay any great stress upon work on rabbits, but speaking for 
Mammals generally, so far as our experiments go, there can be no 
doubt that ‘there is a fundamental difference of behaviour, 
as Horsley taught, between different classes of animals, and 
this is as true when the parathyroids enter into the discussion as when 
omitted. It is not therefore due to anatomical differences, nor, we are 
tempted to believe, to mere variations in feeding, but to deep-seated 
physiological conditions. 

Our investigations upon the various kinds of animals which we 
have employed give. no indication that age or sex influence to any 
extent the result. We attribute our large number of cases of prolonged 


1 Loe, eit, | * Gley, C. R. Soc. Biol., 1891, p. 848. 

Originally described by Sandstrim, Likareférenings Forhandlingar, Bd. xv. 1880. 
Abstract in Schmidts. Jahresber. 1880, Hofmann-Schwalbes Jahresber. 1881, Virchow u. 
Hirsch Jahresber. 1880. 


Loc. cit, See Biedl. Wien, Klinik, 1908, pp. 812 and ff. . 
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survival, with or without specific symptoms, largely to the favourable 
conditions under which the animals were kept, viz., clean surroundings, 
fresh air, careful and regular feeding, and medication when necessary’. 
At the same time we are bound to admit that animals after thyroid- 
ectomy are more prone to such diseases as conjunctivitis, skin disease, 
and catarrh of various kinds. This would indicate the possibility. that 
the specific function of the thyroid is a protective one, and it is remotely 
possible that this may afford an explanation of the onset of even the 
typical nervous symptoms which follow thyroidectomy. We can say 
nothing about myxcedema in this connection because we have never 
seen it’. 
With regard to the operation of parathyroidectomy we need only 

refer the reader to what we have — stated in the section devoted — 
to cats. . 


STRUCTURAL CHANGES IN PARATHYROIDS BEHIND ARTER 
‘REMOVAL OF THYROIDS. 


On microscopic examination of parathyroids left in situ after removal 
of the thyroid, we have been struck by the conspicuous alteration in 
structure which these exhibit*®. This presented itself to us at first as 
a difficulty in recognising whether small structures which had been left 
behind were thyroid or parathyroid, Later, we became convinced that 
these were intermediate in character between the two. We are now 
- compelled to adopt the view that parathyroid tissue when left behind 
approximates in appearance to ordinary thyroid tissue, so that the final 
product in: some cases cannot be distinguished from the latter. It is 
remarkable, however, that under these circumstances the parathyroid, 
80 far as we have seen, does not hypertrophy. Figs. 1,2, 3, and 4 show 
normal parathyroid, two intermediate stages, and normal thyroid tissue. 
Fig. 1 represents a portion of normal parathyroid embedded in the 
thyroid of a cat. It is seen to be composed of solid columns of epi- 
thelial cells with islets of richly vascular interstitial tissue ; a portion of 
thyroid tissue appears below. Fig. 2 represents the first stage of the 
development towards thyroid tissue. There are to be seen in different 
parts of the section numerous cleft-like, or irregular spaces, round 


to be remedied. | 

8 See also Munk, loc. cit., and Kishi, loc, cit. 

“8 ‘We have so far noticed these changes only in cats. 
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Lettering common to the four figures. did. v., blood vessels; coll., colloid; col. epith. c., 


columnar epithelial cells; conn, tiss., richly vascular interstitial tissue; d., débris of 


cells; epith. c., solid-columns of epithelial cells; fibr. tiss., fibrous boundary between 
thyroid and parathyroid ; para., parathyroid ; prim. ves., irregular or cleft-like openings, 
being the first stage in the development of thyroid vesicles; thyr., thyroid; ves., vesicles. 
Figure 1 shows a small portion of parathyroid of a cat embedded in thyroid tissue. It is 
' seen to consist for the most part of solid columns of epithelial cells with strands of 


vascular connective tissue. A thyroid vesicle and portions of two.others are shown — 
in. the lower part of the figure, separated from the parathyroid by a@ fibrous tissue 


capsule, As seen under 9 magnifying power of 500 diams. 


to be seen in various parts of the section numerous irregular or cleft-like spaces with 
regular boundaries of epithelial cells, which are sometimes ef a columnar form. 


These spaces may either be empty or may contain cellular débris or colloid material. 


This, in fact, represents the first stage of transition from parathyroid to thyroid. As 


: 3 represents a section of a portion of parathyroid of a cat which had been left 
behind after removal of both thyroid lobes, examined several weeks later. There are - 
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which lie epithelial cells regularly arranged. These are in some places 
eolumnar. The space is either empty or occupied. by débris of cells, or 


vesicles are tending to become fully formed, but a large part of the section is still 

_ occupied by solid columns of cells. The vesicles are for the most part small, and some 
As seen under a magnifying power of 600diams. 


the intervesicular tissue less in amount than in the preceding figure. ' 


even, in some places, by colloid material. Fig. 3 shows a later stage 
of the process. A large part of the section still consists of solid masses 
of cells, but there are numerous small rounded vesicles, as in normal — 
thyroid, many of which contain colloid. In Fig. 4 will be seen part of 
a section of the normal thyroid of a cat. It will be noted that the 
intervesicular material is here considerably less in amount than that 
in Fig. 3. | 

This histological change accompanies, we think, a functional altera- 
tion which takes place in the parathyroids when the thyroid is absent. 
The parathyroids are then capable of physiologically replacing the 
thyroid, and when one or more were left in situ we have had no cases 
which terminated fatally. But it must be borne in mind that in many 
of our experiments no such replacement has been necessary in order to 
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enable the animals to survive. We-have described a number of: cases 
where survival followed the removal of all thyroid and. parathyroid 
tissue, and in the case of cat, Exp. 9, the degeneration which 
occurred (instead of modification on the lines above described) was 
— not followed by death. We have no direct evidence that parathyroids | 
ever increase in'size, but it is possible that bodies found post mortem 
in the neck, which we identified as having developed from small pieces 
of thyroid overlooked at the operation, may in reality have been 
originally parathyroid which had undergone a complete transformation 
into thyroid tissue. Where two parathyroids had been left behind at 
the operation, we found on examining them later that they seldom 
presented the same degree of modification, one, as a rule, remaining 


ordinary parathy proid, while the second corresponded to one or other : 


of the intermediate stages figured. Occasionally both gave evidence 
of some transformation which, however, had not usually proceeded with 
equal rapidity on the two sides. 

We have also observed an earlier stage of modification than that 
depicted i in Fig. 2. This is indicated by paler patches in the micro- 
scopic section. These we interpret as areas of cellular degeneration, 
preliminary to the actual formation of the clefts above described. We 
cannot offer at present any further details as to how this preliminary — 
disintegration takes place. 3 
If it be true, as we believe, that parathyroid tissue may thus 
develop into thyroid, it is most natural to suppose that the parathyroids 
are embryonic thyroids. It is accordingly of interest to note that this 
was the earlier view with regard to them; their discoverer Sandstrém, 
indeed, saying in so many words that they are embryonic structures 
destined to form thyroid tissue. In the same year Baber', unaware 
of Sandstrém’s work, in his second Memoir upon the thyroid gland 
devotes a special section to what’ he calls “undeveloped portions.” The 
structure as he describes it, and a very excellent drawing which he 
gives, show conclusively that he was dealing with the parathyroid. — 
While taking the same view as Sandstrém with. regard to the em- 
bryonic nature of the parathyroids, Baber could find no direct evidence _ 
that they undergo further development. Horsley’, who was also 
unacquainted with Sandstrém’s discovery, reinvestigated the “em- 
bryonic tissue” described by Baber and expressed a doubt whether 
it ever developed into thyroid. The observations ,of Sandstrém, 
sient and Horsley fell into almost complete oblivion until csi 


* Phil, Trans., 1881, Pt. 600. 
2 Lancet, 1. p. 1168, 1886. 
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when Gley’ rediscovered the parathyroids. Gley: states that para- 
thyroids left in the rabbit after removal of the thyroid undergo a more 
or less complete transformation into thyroid tissue. This view, sub- 
sequently abandoned by Gley* himself, has been. recently revived by 
Kishi’, who definitely states; as did the older observers, that the para- 
thyroids are not separate and independent organs, but are embryonic 
thyroids. From morphological: and developmental reasons‘ we should 
hesitate. to adopt this view in its entirety. The thyroid is developed 
as a medium evagination of the floor of the pharynx between the first 
and second branchial arches’. The parathyroids, on the other hand, 
arise as thickenings of the epithelium on the dorsal aspect of the third 
and fourth visceral clefts. However this may be, there can be. no 
doubt, from the detailed evidence we have given above, that parathyroid 
_ tissue, under certain conditions, develops in the direction of thyroid 


.. tissue, and our present evidence would indicate that a functional 


replacement also takes place®. 

Kohn’ lays great stress upon the fact that Yhe parathyroids are 
“selbstandige Organe eigener Art” and have only a secondary relation 
to the thyroid. In order to emphasize their independence of the 
thyroid, he proposes instead of the historic name “ glandulae parathy- 
roideae,” the term “Epithelkérperchen,” which had been used by 
Maurer* for many years, for similar organs in Amphibia. Under the 
general name. of “ Epithelkérper” (Corpora glanduliformia) Kohn in- 
cludes along with the parathyroids the glandular part of the pituitary 
body, the cortex of the suprarenal capsule, and the islets of Langerhans 
inthe pancreas, Some evidence® has been recently adduced which 
tends to show that these islets are in reality not structures swi generis, 
functionally and morphologically part and parcel of the pancreas- 
If this be confirmed, analogy might lend some support to the views of the 
earlier observers as to the relationship between thyroid and parathyroid. 

We have endeavoured, in one or two cases, by the administration of 
an extract of thyroid and parathyroid tissue, to prevent the onset of 
symptoms after the complete operation, but have failed to do so, nor 
have we been able to perceive any amelioration or mitigation of the 

1 Loe. cit. *.Gley and Nicholas, C. R. Soc. Biol., 1895. * Loc. cit. 

4 See Kohn, loc. cit., where full references will be found. : 

5 According to the newest account (Verdun, C. R. Soc. Biol. 1897, These Toulouse 
1897) the thyroid of man and mammals is derived exclusively from the median “ Anlage,” 
and the post-branchial body degenerates. 


6. Our cat exps. 2 and 7 seem very convincing to us.on the point. 
7 Loe. cit. Morph. Jahrb. Bd. xm. 1887. 
- *® Dale, Phil. Trans., 1904. 
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symptoms after such administration. It is obvious that the benefits 
derived from the administration of thyroid extract to human beings 
in cases of myxcedema and cretinism do not necessarily prove wags 
those diseases are due simply to thyroid insufficiency. 

_ Neither thyroid nor parathyroid extract when injected intravenously 
produces any marked effect upon the blood-pressure. A slight lowering 
of the pressure is observed in each case, an —— 


SUMMARY. 
1, It cannot be traly said that either is or siciltieal are 


essential for life, since it is frequently possible to remove either or both _ 


without causing death. 

2. We find, as others have done, that fatal results, when they occur, - 
are not due to injuries to surrounding structures accompanying the — 
surgical interference, but must be referred to absence of the glands 
in question. 

8. No statement, universally applicable throughout the animal 
kingdom, can be made as to the importance of the glands in question, 
whose functions appear to differ very widely in different classes of 
animals. Rats and guinea-pigs do not seem to suffer at all as the result 
of extirpation. Monkeys only show transient nervous symptoms. Dogs 
and cats frequently, but by no means invariably, suffer severely and die. 
In foxes, symptoms come on with very remarkable rapedity, and death 
is correspondingly early. 

4 "The diversity of results obtained in different classes of animals 
is not to be attributed to anatomical, but to physiological differences. 

5. Inno animal have we been able to induce symptoms resembling 
those of myxcedema. 

6. In young animals, although extirpation of the thyroid causes 
@ temporary cessation of growth, we find that this is not eT 
accompanied by symptoms of a cretinoid nature. 

7. Myxcedema and cretinism must then, we think, be due to causes 
more complex than simple thyroid insufficiency. 

8. When the thyroid is removed the parathyroids appear nih : 
of functionally replacing it to a certain extent, and a histological 
structure changes accordingly. 


[The expenses of this investigation were defrayed the 
Moray Fund (University of Edinburgh), and the ——— Fand of 
the Royal Society. } 
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| ‘THE SELECTIVE ACTION OF COCAINE ON NERVE 
FIBRES. By W. E. DIXON, MA, MD. (Five —= in 
Text) 


(From the Pharmacological Laboratory, Cambridge) 


v; Pee REP ‘first clearly showed that a localised anesthesia is obtained 
if cocaine is injected subcutaneously into the tissues or applied 
directly to’ any mucous membrane, each as the mouth, pharynx, laryax, 
or rectum’. — 

__. Two hypotheses have been advanced to account for this peripheral 
sensory paralysis. The first points to the fact that cocaine is a general 
protoplasmic poison and destroys alike all forms of living matter. Its 
exponents explain the anesthesia by pointing out how much more 
exposed-are the sensory fibres, and assert that the motor endings are 
not affected because the cocaine does not reach them. 

The second hypothesis assumes that cocaine has a specific effect on 
the sensory nerve endings, and has been termed by the Frengtt school 
the “curare-sensitif” theory. 

‘The present note deals only with the application of cocaine directly 
to nerve fibres: it will be shown that far from its acting on all nerve 
fibres equally, it usually, in the case of a mixed nerve, paralyses 
functionally different. fibres at different rates ; and one set of fibres not 
‘uncommonly requires for complete saa dus a stronger percentage of the 
drug than another set. 

It has been known for a. long time that. cocaine directly applied to 
nerve reduces the irritability of the nerve fibres. Langley and 
Dickinson? showed that this effect may be very transient: if the 
cocaine in- suitable strength is cautiously applied to the nerve the 
blocking of conduction is obtained almost at once, but it quickly 
disappears ; by fresh additions of cocaine the blocking may be repeated 
many times in snecession. It has been shown also that the diminution 


of excitability, conductivity, and the action current, all run a b ocusas 


1y. Anrep. Pfiiger’s Archiv, xxx. p. 88. 1800. 
- Laagiley and Dickinwoi. This Journ, 1800 
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course not only for cocaine but for other drugs, such as chloral, phenol, 
and chloralose.. 

_ The present experiments were performed principally on rabbits, which 
were always anesthetised by ether. Dogs and eats were anesthetised 
with an A.C.E. mixture, and in the vasomotor experiments curari was 
also employed. 

“Motor and. sensory fibres. Cocaine forms a ready means of paralysing 
sensory fibres whilst leaving the motor intact. If the drug is strong and 


allowed to act for a sufficiently long time the motor fibres are also 


paralysed, but. they recover their action first: when the nerve is washed 
with normal saline. To show this effect all that is necessary is to 
expose a nerve, say the sciatic of the rabbit, and paint it in a definite 
spot for a length of 1 or 2 cms, with 10%, solution of cocaine: or to 
obtain an even quicker result, the brush may be ‘placed in the solid 
cocaine and the adherent crystals transferred directly to the nerve. On 
exciting the nerve in continuity, centrally to the cocainised portion, two 
effects are obtained, (1) reflex movements, rise of blood-pressure and 
stimulation of respiration by upward conduction, (2) tetanus of the leg 
muscles by downward conduction through the cocainised nerve. If the 
nerve be: now excited peripherally to the cocaine, tetanus of the leg 
muscles alone results, and there are none of the signs of upward 
_ conduction. Of course if ‘the concentrated cocaine is employed’ the 
motor nerves are also affected after a time, and paralysis of the nerve 


becomes complete. This type of experiment is not new and has been — 


described by several observers*. I have also employed’ other drugs, such 
for example as aconitine and always find that the sensory abres are 
affected before the motor. 

Vagus. In the case of the vagus nerve the two sets of fibres, viz., 
those conducting upwards and downwards respectively, may be quite 
Clearly separated by cocaine. Fig. 1 represents an experiment in which 
one vagus of a rabbit was painted with a 0°05 */, solution of cocaine; the 
tracing shows the effect of two excitations, first on the cardiac side of the 
painted spot and the second on the cerebral side. The first effect A 
is typical both on the respiration and the blood-pressure, but at the 
second stimulation at B conduction downwards is blocked, though of 
course it is still perfect towards the brain. 


Fig. 2 represents another experiment in which the right vagus was 
treated with a solution of 1 in 2000 cocaine HCl, the left vagus having | 


1 Wedenski. Pfliiger’s Archiv, uxxxn. p. 184. 1900. 
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been ‘severed: Qn stimulating’ the nerve above. the painted spot: the 
heart is not inhibited but the blood-pressure rises from: vaso-constriction. 
Stimulation below the cocainised portion has the normal effect both on 
- the respiration and heart. Section of the opposite vagus therefore exerts 
‘no effect. on the result. 


Fig. 1. 

been painted with a 0°05 °/, solution cocaine HCl. A represents the effect of 
excitation at the cardiac end, and B the effect of excitation at the cerebral end. 
Coil at 17 cms. Time=seconds, 

Fig. 2, Rabbit: ether, respiration, and blood-pressure, Left vagus cut. 1 om. right 
vagus painted with a 0°05 °/, solution cocaine HCl. Shows the effect of stimulation 
above and below the painted spot. Coil at 15 ems. Time=seconds. 


In the dog the same division of the vagal fibres may be brought 
about, although owing to the comparatively large size of this animal’s 
nerves the separation is not so clearly defined: for this purpose any 
strength of cocaine up to 0°4°/, may be necessary, according to the size 
of the animal. In Fig. 3 the record is shown of an experiment in which 
the left vagus was painted with a 0°3°/, solution of the drug. Excitation 
at A, below the painted spot affects both the respiration and circulation, 
whilst stimulation at B, above the cocaine region, shows only the effect 
on the respiration. 

One other use for cocaine may be mentioned: it forms a ready 


. + 
‘ 
“ea 
< “J 
+ z q 
% - 
2 
=) 
oy 
A“ 
> 
fe 
gt 
an Bis 
aq 
ay 
4 


‘nerve, for all fibres.and without an initial excitation such as occurs when 
‘the nerves are severed., For this purpose a }°/, solution is appropriate 
in. the rabbit, whilst a 5°/, solution applied to the: phrenic of ‘a dog 
produces paralysis lasting about 10 minutes. I venture to suggest that 
= the vagi with cocaine may be of value in cases of cas 


Fig. 8. Dog. A.C.E.- 1 om. of left vagus painted 0°3°%), cocaine HCl. A represents 


‘Coil at 15 cms. 
Time=seconds. 


death” in the easly stage of narcosis. is almost certain 
that these deaths occur from a great. excitation (direct or reflex) of the 
medulla which results im inhibition of the heart; If the vagi are cut 
Embley and Martin’ have shown that. the blood-pressure bounds up, 
and the heart immediately recovers its activity: in a single experiment 
which I have performed on a morphinised and pithed dog which had 
received no volatile anesthetic I obtained the same result by painting 
with cocaine. Strong chloroform was first given to the dog until there 
was marked cardiac inhibition, when the vagi were painted with 2°/, 
cocaine; almost immediately the blood- pressure rose and the heart 
recovered, In man, section of the vagi is of course impossible, but I 
know of no reason why the conduction in these nerves should not be 
temporarily blocked -by cocaine. - | 


Bmbley and Martin. Brit. Med, Journ. 1. 
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_.-Vasomotor nerves. Experiments with vasomotor: nerves were per- 

formed on the dog, cat, and rabbit. In dogs and cats the sciatic nerve 
_ was chosen and the ‘animals were either anwsthetised or killed by 
pithing, but in either case curari was intravenously administered and 
artificial respiration kept up. The nerve was exposed and cut high up 
so as to allow as long a piece of nerve as possible for manipulation. 
A glass plethysmograph was then applied to the limb and a volume 
record either by bellows or tembour.- Blood-pressure was 
simultameously recorded. 

If a 1%, solution of cocaine is painted over about 1 cm. of the sciatic 
nerve of the cat the vaso-constrictor nerve fibres are paralysed before the 
vasodilator, It is not always easy to make this experiment satisfactory, 
for if the eocaine is too strong or allowed to act too long a time both 
sets of bres are paralysed. - The details of the experiment are simple ; 
_ the drug is painted on the central portion of the free nerve and elec- 
trical excitation is then applied both above and below the painted 

With the dog the large size of the nerve presents difficulties, In 
the experiment recorded in Fig. 4. the sciatic nerve was painted with 
a 1°/, solution of cocaine 3 minutes previously to stimulation, and in 


Fie Dog. AOE. Curari. Blood-pressure and limb plethysmograph. 1 °/, cocaine 
HCl applied to about 1 om. of the sciatic nerve. Eiflect of exsitation below painted 
spot. Goll af: emma 


Fig. 4a the nerve was stimulated below the cocaine, and typical vaso- 
constriction results. In Fig. 4b the excitation was repeated with the 
same strength of current above the painted spot, and very gradual 
vasodilatation results, which is most recognised by the 
augmented volume pulse. 
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physical explanation is with these facts. The 'vaso- 
constrictor nerves having no sheath would be more rapidly attacked: than 
the vasodilator ; the latter according to Bayliss! are identical with the 
ordinary sensory afferent posterior root-fibres and possess a sheath. 

‘Sensory fibres, however, are very susceptible to cocaine, and hence there 
is an ee of the difficulty in separating these two sets of igg 


Fig Same. Excitation 
begins at A and ends at B. Coil at 5 oms. : 


‘Tn the rabbit a similar separation of fibres has been obtained by 
stimulating the sympathetic nerve whilst measuring the ear-volume. 

Bronchomotor fibres. Prof. Brodie and myself have already 
attempted to separate bronchomotor fibres by means of cocaine but 
only with slight success, perhaps because in our earlier experiments we 
used anssthetics which we subsequently showed invalidated the 
by partially paralysing the nerve endings. . 

Cocaine, then, whilst paralysing all nerve fibres when it is applied 
_ to them in concentrated solutions, yet exerts a selective action in dilute 
solutions, picking out some fibres and paralysing them hesearg or to the 
exclusion of others. 

Three explanations might be offered to account for CR facts. - 
First, the distribution of the fibres in the bundle may be such that those 
conducting one form of impulse are more exposed to the action of the 
drug than those conducting another. Such however is not the case, for 
sensory and motor fibres are freely mixed up together in the mixed 
nerve; and in the vagus Prof. Langley — me there is a similar 
mixing together of the fibres. 

_ A second hypothesis accounts for the facts “s supposing some fibres 
to possess a more efficient protection in their sheath than others, and the 
fact that moderate i injury to a nerve is more likely to lead to sensory 
affections than motor, would appear to favour it. Histology however 


* Bayliss. This Journal, xxvi.p.171, 
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no support to this view, Thirdly, cocaine may have a greater specificity 
for some fibres than for others, that is, the chemistry of the two sets of . - 
fibres may be:slightly different. A fact which appears to favour the latter 
hypothesis is the extraordinary way in which drugs of all. kinds attack 
not only sensory nerve fibres but sensory nerve cells before the motor, 
and this fact obtains, no matter whether the effect is one of stintulation — 
or.depression. Thus caffeine may be regarded as an example of a typical 
stimulant to the cerebrum, and the most characteristic effect of the — 
drug is increased perception, a more perfect consciousness (i.e. the sum 
_ total of .sensory impulses both as regards intensity and number at any 
one moment), and hence the wakefulness. Morphine on the other hand 
depresses sensory cells; perception and object consciousness are dimi- 
nished, and hence the train of mental symptoms characteristic of the 
drug. Or: to take the cord, we have again the strongest evidence to 
show that stimulants such as strychnine exert their effect entirely on 
the sensory cells? and that depressanta such as CHCl,’ certainly attack 
the sensory cells before the motor. If cocaine is injected into the spinal 
canal of a man between the second and third lumbar vertebra complete 
sensory paralysis of the lower extremities quickly follows; and if the 
dose is moderate (15 mgrs.) a partial motor paralysis is also later 
developed, consciousness of course being retainod. Recovery — 
with motion, and sensation is the last to revive. | 
As regards nerve fibres I have already pointed-out that the sensory 
are invariably affected both more easily and with smaller doses than 
the motor, not only with cocaine as has been shown by several observers, 
but by other drugs, such as aconitine, carbolic acid, chloroform, ether, — 
etc. 
When we come however to the nerve endings this rule certainly does — 
not hold: many drugs have a specific action on the motor nerve endings 
without in any way influencing sensory. This however is of little 
significance to our argument, since the term “nerve ending ” in no way 
means that the structure is nervous. Further, we have no evidence that 
cocaine paralyses the sensory nerve endings: .all we can say is that a 
subcutaneous injection paralyses some part of the peripheral sensory 
apparatus, and quite possibly the fine nerve fibrils before the endings. 
At all events it is quite impossible, as far as we can judge by adminis- 
tering cocaine internally, to affect sensory endings, although it must be 
remembered that we have no very good way of testing the activity of 


1 Houghton and Muirhead. Med. News, 1. p. 891. 1893. 
Bernstein. Moleschott’s Untersuch. x. p. 280, 
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sensory endings when the sensory cells become paralysed, as in the case 


after big doses of cocaine. Mosso, after strongly cotainising a dog's 
foot, excited it electrically and obtained visual reflexes, from which he 
attempted to show that the. nerve endings were not essentially affected’. 
| 


| If artificial perfusions are performed through the limb vessels of cats it 


is found that before adrenalin ceases to produce constriction of the 
vessels 5-°/, of cocaine must be added to the blood; when this.amount 
jg reached: the muscle is killed, since such drugs as BaCl, induce no 
contraction. That is to say, the cocaine does not specially act on these 
endings, nor do I know of any evidence tending to show that it has a 
paralysing action on any 
3 


applied to nerve picks out and paralyses seme 
fibres before others; sensory before motor, vagal fibres conducting 
upwards, before those conducting downwards, vaso-constrictor fibres 
before vaso-dilator, broncho-constrictor before broncho-dilator. 

_ It is suggested that the local application of cocaine to the vagi may 
a. means of combating death during early chloroform narcosis. 


Drugs which attack the central nervous system, brain, or spinal cord | 


or nerve fibres.almost invariably attack the sensory cells and fibres before 
the motor. 


sensory nerve endings. 
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Repl Society.) | 
4 Hat. de Biot. xxv. iti. 
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ON ‘THE DISTRIBUTION OF POTASSIUM IN ANIMAL 
AND VEGETABLE CELLS. By A. B. MACALLUM, 

Toronto. (Plates I and 


_ InTRopUCTION. 


of potassium, calcium and magnesium are, as is 
well known, constantly found in the ash of animal and vegetable cells, 


and they obtain also in the secretions and excretions of such cells when 
_ they constitute glands and tissues. They further occur in the. proteids 


and fats derivable from such cellular structures, and even some of the 
proteids, as, for example, the globulins, remain in solution only in the 


_ presence of such salts. Further, experiments with saline solutions show 


that the activity of not only heart muscle, but also of ordinary striated 


- muscle depends in some way dn the presence, in certain proportions, of 


all these elements except magnesium. In consequence the conclusion 
has been drawn that these elements are essential constituents of living 
matter, and attempts have been made to explain the réle that each and 
all play in the. activities of protoplasm, the more recently advanced 
explanations being based. on the application of the facts and theories of 
chemistry. 

A fundamental. difficulty i in the way of accepting all such explane- 
tions lies’ in the fact that we cannot be certain that the salts of the 
elements in question are uniformly distributed in the protoplasm of 
cells, nor do we know for certain that they occur within the cells them- 
selves, And our doubts are strengthened when we consider the analyses 
of the tissues and of the various physiological fluids, for we find that 
they do not yield constant results. Tn muscle and serum the differences 
in the proportions are striking. : 


| Ca Mg 
Serum (Dog) 100 686 268 
Muscle ,, +100 85400 796 251 


PH, XXXIl. 7 
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It is evident that between serum and muscle there is on this point 
a lack of parallelism which cannot be explained on any possible appli- 
cation of the doctrine of ions, The small quantity of potassium in blood 
plasma, contrasted with the amount of the element in muscle, in which 
also the calcium and magnesium are more abundant, is difficult. to 
account for on any theory yet advanced. This want of parallelism is, 
however, based on some fundamental condition, for the perfusion of | 
solutions, in which the elements are in the proportions which obtain in 
the ash of mus¢le, quickly brings to an end the activity and irritability 
of muscle. Perfusion of the frog’s heart with a Ringer’s fluid in which 
the sodium, potassium and calcium are in the proportions which obtain 
in blood plasma causes it to beat with a regular rhythm for hours, but 
it at once ceases to contract, or it may enter the death phase, if either the 
potassium or the magnesium or both in the fluid are increased so as to 
make the proportions parallel to those in the ash of muscle fibre. 
a : These facts make it difficult for us to take any position as — an 
| explanation except that of reserve. 
The difficulty is enhanced when one considers the analyses which 
: have been made of the ash residues of various organs. The data for 
- muscle are very different from those of glands, of connective tissue and 
of nerve tissue, and the data for the whole organism have been found to 
| vary even in the case of the new-born child, in which there should 
| be found approximately constant results, but the analyses of Camerer 
: and Soldner’, Hugounenq’ and de Lange® are discordant; and 
yet the differences are not due to imperfect methods of determination. 
What further lies in the way of a solution is the fact that we have 
never yet determined the proportions of the elements in protoplasm freed 
from all adventitious material more or less of a degenerative character. 
If we could prepare a quantity of normal Amebs sufficient to furnish 
- ash abundant enough for definite quantitative analyses, it might be 
| possible from the results to formulate some generalization which would 
| - assist in the solution of the question. 
| Such an opportunity, however, is one that is not likely to seiiint 
itself, and in looking for a method of solving the question the only 
one which appears feasible is that based on microchemistry. If there 
were available reactions for the four elements which would reveal 
infinitesimal quantities of them in the cells of a tisstie it would be 


' Zeit. fir Biol., xxxrx. p. 178. 1900, 
Comptes Rendus, cxxvm. p. 1419. 1900. 
3 Zeit. fir Biol., XL. p. 526. 1900, 
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possible to associate their occurrence with this or that activity in the 


- protoplasm. Unfortunately such reactions are not possible in the case of 


sodium and magnesium, and those for calcium have not yet been made 


applicable to microchemistry, but in the case of potassium there is 
 @ reaction of great sensitiveness which has given results of considerable — 


interest, bearing not only on the part played by this element in proto- 
plasm but also on the distribution of the other elements in the cell. 
This reaction I have employed for over a year in studies on the cells 


" and’ tisiues of both Animal and Vegetable Kingdoms, and I now give, in 


the following pages, some of the _—s facts which have been ascer- 
tained in these observations. 7 


THE REACTION. | | 
- When a solution of potassium nitrite (KNO,) is added to a solution 
of cobalt, an orange-coloured double salt is precipitated, the composition 


of which is Co(NO,),+3KNO,+nH,O. This is known as Fischer’s? 


salt, he having first described its preparation in 1849, He found that 


cobalt, when in so dilute a solution as 1 in 3,000, is almost wholly pre- 
cipitated on the addition of potassium nitrite. 

This reaction was utilized by de Koninck? and Curtman’ in 1881 
as @ precipitation test for potassium, and de Koninck, employing:a 
10 per cent. solution of NaNO, to which some chloride of cobalt and 


acetic acid was added, claimed that it was more sensitive than platinic 


chloride. He further held that, while ammonia gives a like but much less — 
delicate reaction, salts of magnesium, calcium, barium, strontium and iron 
are not affected, He found, however, that when the amount of potassium 
chloride in solution is so dilute as 1 in 2,000 no precipitate occurs. 
Curtman also found that the hexanitrite of sodium and cobalt does 
not give a precipitate with lithium, magnesium, calcium, barium or 
strontium, and that it does do so with ammonia, rhubidium, cesium, and 


- particularly with potassium in the presence of sulphates, phosphates, 


nitrates, acetates and chlorides, and only the presence of iodine is 
unfavourable to its formation. 

More recently Biilmann‘ found that by specially preparing the 
reagent it would precipitate the potassium when the chloride of the 


Pogg. Annalen, uxxtv, p, 124, 1849. 
2 Zeit. fir anal. Chemie, xx, p, 890, 1881. 
3 Ber. d. d. chem. Gesell., Jahrg. 14, p. 1951. 1881. 
4 Zeit. fiir anal. Chemie, xxxrx. p, 284. 1900. 
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latter is so dilute as 1 in 27568 of a binormal sodium chloride solution, 
while it will show one part of potassium in the presence of 4000 of 


sodium in a 10 per cent. sodium chloride solution, The cobalt reagent — 


has also been used by Van Leent in the determination of potassium in 
sea water, the potassium being first precipitated therefrom as the hexa- 
nitrite of cobalt, sodium and potassium and the latter element estimated 


as perchlorate, The results agree very closely with those obtained when - 
the determination was made with platinic chloride’. Autenrieth and. 


Bernheim®, after trials with solutions of potassic chloride of known 


strength, which gave results exceedingly close to the actual value, also 


employed the reagent for the estimation of potassium in urine, likewise 
with results which on the whole were satisfactory. | 

I have endeavoured to determine how far the reagent is a precipitant 
of potassium in solutions, using for this purpose one which, so far as the 
salts were concerned, represented an artificial urine. The results of 
these determinations’ go to confirm the statement of Van Leent and 
Autenrieth and Bernheim on the value of the reagent as a complete 
precipitant for potassium from its solutions. 

The reagent, as I employed it, is a modification of the one re- 
commended by Erdmann‘ and is made by dissolving 20 grams of 
cobalt nitrite’ and 35 grams of sodium nitrite in 75 cc. of dilute acetic 
atid (i.e. 10 c.c. of glacial acetic diluted to 75c.c.). A vigorous evolution 
of nitrogen peroxide results, If the preparation of sodium. nitrite used 
contains traces even of the potassium salt, a precipitate of the triple* 
salt will be found to have separated out after some hours, and this may 
be removed by filtration.- The filtrate is diluted with water to 100 cc. 
and is then ready for use. When a small quantity of this preparation 
is added to a solution of a potassium salt there is immediately produced 
an orange-yellow precipitate of the triple _ consisting of iss of 


1 Zeit. fiir anal. Chemie, xu. p. 569, 1901. 

2 Zeit. f. physiol. Chemie, xxxvu. p. 29. 1902. 
_. * The amount of potassium in 50¢.c. of this solution was 0-1324 grm. Three 
determinations of the potassium by the hexanitrite-perchlorate method gave 0-1302, 
0°1812 and 0-130 grm. 

* Anorganische Chemie, 1898, p. 680. The reference is given by Autenrieth and 
Bernheim. 


5 The cobalt nitrite I employed for this preparation of the reagent was obtained from 


the Baker and Adamson Chemical Co., Easton, Penn., U.S. 
® The term ‘“‘triple” salt or compound will, on account of its convenience, be employed 


in this paper to designate the hexanitrite of cobalt, potassium and sodium, while the | 


“double” salt will only the the hexanitrite of cobalt 
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yellow colour. — 

The composition of this precipitate varies with the composition of 
the original solution of the salts of potassium. Fischer’s salt, made by 
adding a solution of a cobalt salt to one of potassium nitrite, has the 


_ composition given by the formula CoK,(NO,),+24H,0. If, however, 


sodium salts also are present, sodium enters into the precipitate, but the 
amount obtaining in this latter depends ‘on that in the original solution. — 
In Fischer’s salt free from water the potassium is 25°93 per cent., but 
in the precipitate produced by adding the double salt, CoNa,(NO,),, 
to a solution of a potassium salt, the potassium was found by 
K. Gilbert? to range from 16°31 per cent. to 18°21 per cent., and that 
the difference between these percentages and that found in Fischer’s 
salt was made up by the sodium which varied between 4°46 and 5°77 
per cent. As a consequence of his observations Gilbert proposes for 
the precipitate caused by the CoNa,NO,), the formula Co(NO,), 
3(K/Na)NO,+nH,0, the value of n being either 14, 2 or 2}. 

This precipitate is appreciably soluble in cold water, and it is soluble 
in sodic nitrite solutions even when sodic acetate is present. It is in- 
soluble in dilute solutions of the precipitating reagent which may be used 
to wash the precipitate, and it is also insoluble in 80 per cent. alcohol, which 
removes from the precipitate traces of the precipitating double cobalt 
salt. Alcohol of this strength was used by Gilbert, and others, for the 
purpose of washing the precipitate. So far as known there is no other 


_ way of purifying it, although it is stated that it is insoluble in solutions 


of potassic nitrite, but the latter can only be employed after all traces of 
the sodium compound, CoNa,(NO,),, have been removed, as its presence 
would merely add to the quantity of the precipitate. 
The precipitating reagent: is itself extremely soluble, and in con- ~ 
— it is quickly removable from the precipitate by washing with 
If the latter is ice-cold the amount of the precipitate dissolved 
ing is extremely small, and consequently very cold water may be used 
to remove traces of the cobalt salt not united with potassium. 

The hexanitrite of cobalt and sodium also precipitates, but less 
readily, ammonium from its solutions, the precipitate containing, doubt- 
less, ammonium in place of potassium. The crystals of this precipitate 
are in form and size very like those of potassium salt. It is, however, 
much more soluble, and it is, therefore, incompletely precipitated while 

1 Die Bestimmung des Kaliums nach quantitativer Abscheidung desselben als Kalium- 
natriumkobaltinitrit. Inaugural Dissertation. Tiibingen, 1898. = 
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the ante: are, even in ice-cold water, very soluble. It is possible in 
this way to distinguish between the triple salt of cobalt, sodium and 
ammonium on the one hand, and that of cobalt, sodium and potassium 
on the other, and in the case of tissue to dissolve out the former and to 
leave the latter where its precipitate occurred in the first place. : 

The form of the crystals and their orange-yellow colour make it vary 
easy to demonstrate the presence of the triple salt where the potassium 
was present in abundance. Where, however, it obtains in very minute — 
quantities, or traces, as is the case with many tissues, the crystalline | 
form is absent, and even a yellow tinge may not be found. Conse- 
quently some other method of bringing out the presence of the cobalt 
salt must. be resorted to. The one which I found always of service 
requires the application of a solution of ammonium sulphide which 
reacts immediately on the cobalt of the salt and forms with it the black 
sulphide of cobalt. Where the latter, therefore, obtains after this 

_ treatment in a preparation of tissue, potassium salts must also have been 
present and as the black reaction is so readily observable in a cell or 
tissue, it is consequently very easy to ascertain the distribution of even 
traces of potassium. It must of course be understood that, before the 
sulphide reaction is applied, all the superfluous cobalt reagent should be 
removed by washing the tissue with cold water. The quantity of the 
cobalt salt in a tissue not combined with potassium is very soluble in 
water, and several washings of the preparation of tissue remove the _ 
reagent so readily that in about half-an-hour the last washing employed — 
is not coloured after ten minutes. If it is Jeft in water for from two to — 
six hours the water may be tinged yellowish, but only when the tissue 
is bulky and contains a comparatively large quantity of the precipitate. 
When even the preparation has remained for days in distilled water, the 
latter fails to remove all the precipitate; and I have kept teased-out 
medullated nerve fibres for a week in a large quantity of water and 
found that the potassium cobalt precipitate is but very little diminished. 
In observing the tardiness with which the triple salt is removed from 
tissues and cellular elements, one cannot resist the conclusion that 
tissue structures, while offering no resistance whatever to the removal 
of the precipitating reagent, are very retentive of the precipitate. 

The fact that ammonium compounds give the triple salt also as a 
precipitate suggested the possibility of the amido acids and acid amides 
reacting similarly with the cobalt solution, and a study of their be- 
haviour in this respect was carried out. It was, however, found that 
neither glycin, taurin, leucin, tyrosin, sarcosin, aspartic acid, glucosamin 
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nor glutamic acid precipitates with the reagent, and, therefore, their 
presence in tissues offers no difficulty in the determination of the 
presence of potassium. Further, neither urea nor asparagin combines 
with the reagent to form a precipitate, and the same must be said of 
alloxan, allantoin, guanidin and the purin bodies. Only one compound, 
creatin, was found to react differently, as a 0°4 per cent. solution of 
it gave at once an orange-yellow precipitate with the cobalt reagent, 
while in a 0°2 per cent. solution one appeared after a few seconds. The — 
precipitate is a triple salt and consists of crystals in every respect like 
those of the triple potassium salt. Creatinin, on the other hand, does not, 
even in concentrated solutions, give a precipitate. This property of 
creatin is of some importance as the precipitate may be mistaken for that 
of the potassium cobalt compound, and in consequence one must, if it is 
at all possible, exclude. the occurrence of creatin in animal tissues. It is 
always present to the extent of 0°21—0°39 per cent. in frog's muscle’, and 
of 0-4 per cent. in rabbit’s muscle and, therefore, it is abundant enough 
to complicate the problem of determining the localization of potassium 
in muscle fibre. According to Valenciennes and Fremy® creatin 
is present in but appreciable quantities in the muscles of the 
Mollusca, and they found it also in the muscles of several species of 
Crustacea, but Krukenberg?’ claims that it does not at all occur in 
the muscle of any Invertebrate, and I have been unable to detect even 
traces of it in extracts of the muscles of the lobster and crab, It is of 
course possible that Valenciennes and Fremy’s results were due to 
defective methods, as otherwise their findings are inexplicable, _ 

The creatin triple salt is much more soluble than the corresponding 
potassium compound, and consequently one may remove by frequent 
washing in ice-cold water the greater part of the creatin salt from muscle 
fibre, but it is not necessary to resort to this, as both creatin and potassium 
are found similarly distributed and localized inside the fibre. Apart, 
however, from this consideration, whatever difficulty there is in studying 
the localization of potassium in Vertebrate muscle fibre does not obtain 
in the case of that of Crustacea and Insecta, in which, if creatin is 
present, it occurs only in infinitesimal traces and, therefore, in the last 
resort in this matter it is to these or other Invertebrate forms that we 
must go to get unquestioned data on the point. : 


1 F. Nawrocki, Zeit. fir anal. Chem., tv. p. 330. 1865. . ater 

2 Comptes ‘Rendus, p. 735. 1865. 
_ 3 Vergleichend-Physiologische Vortriige, p. 316, Heidelberg, 1886. Also Krukenberg’s 
papers in Untersuchungen a. d. Physiol. Inst. der Univ. Heidelberg, nt. and tv. 1880-1. 
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Creatin is present in other tissues than muscle fibre, as, for example, 
those of the’nervous system and the testicles, but in such small quan- — 
tities .as to offer no difficulties. It does not occur at all"! in smoot: 
muscle fibre’. 

Oxalic acid and its salts in solution give a precipitate almost imme- 
diately on addition of a cobalt salt and, as oxalates are present. in the 


- juices and saps of vegetable forms, it is sometimes necessary to distin- 


guish whether a precipitate in a vegetable tissue is the triple potassium 
salt or the cobalt oxalate. The form and colour of the crystals of the 
two precipitates are quite different. One may further control the 
preparations by treating some of them with a simple solution of cobalt 
acetate when the localization of the oxalates only is revealed, and by 
contrasting the two sets one may determine where the potassium salts 
are distributed and where the oxalates are found. As a rule, however, 
it was found that the presence of oxalic acid or oxalates offered no 
difficulty, for they are infinitesimal in amounts in the cells, while the 
potassium is nearly always in abundance relatively, and even of the sap 
in the fibrovascular tissue the same statement may be made. In — 
consequence the presence of oxalates was disregarded, as not offering any 
difficulty in the investigation. 

Tt was found that nerve fibres gave, when treated with the cobalt 
reagent in the usual way, rather remarkable results, and at first’ these 
were attributed to very minute traces of cholin. The latter, in its 
behaviour towards platinic chloride, resembles potassium and ammo- 
nium’, and it was suspected that this resemblance would be emphasized 
by giving a precipitate with the cobalt reagent. On examination no 
precipitate occurred in solutions of cholin even when these were concen- 
trated and after standing for hours. On the other hand the addition 
of the faintest trace of a potassium salt to a solution of cholin containing 
a quantity of the cobalt reagent produced at once @ precipitate. 

To get the best results with the reagent it was applied directly to 
the fresh cellular elements, and when at all possible these were in the 
teased-out form or, in the case of animal organs, as sections made from 
the fresh ‘tissues by means of the freezing microtome. The freezing of 
the ‘tissue was done rapidly and for this purpose the spray from liquid 
carbon dioxide was used. —_ teased-out material and the sections 


1 Krukenberg, loc. cit. 3 | 

* Ammonium compounds are present in cells and tissues 
different from ‘Abst of the 
_ potassium salts. 
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were at once placed in the undiluted reagent for twenty minutes, after 
which they were washed with ice-cold water several times till the 
washings were, after remaining on the preparations for five minutes, 
wholly uncoloured. The preparations were then, without further delay, 
mounted on the slide in a mixture of equal parts of glycerine of 50 per 


cent. strength and of concentrated ammonium sulphide solution. Such 


preparations have been found to keep in a fairly good condition for 
a couple of months, but there is after this period a progressive 


deterioration, especially in those made from animal forms, doubtless due — 


in large part to the fact that the cellular elements are only very imper-— 
fectly fixed, and, in consequence, are affected by the gradual _—— in 
the composition of the mounting fluid. 

Preparations from vegetable forms keep in good condition ie: a 
considerably longer period. Vegetable tissues and structures are also 
much more readily prepared. In the case of the Protophyta, the objects 


were placed at once in the reagent where they were left for about 


twenty minutes, after which they were washed in ice-cold water several 
times and treated further as described above. ‘ Wherever the structures 
permitted their being obtained from fresh tissue, such were employed . 
and prepared in the same way. 

Except where chlorophyll is sbien the orange-yellow colour of the 
precipitate, when the latter is very scanty or infinitesimal in amount, is 
not of much service in determining the localization of potassium in 
vegetable cells, for the natural pigment masks more or less the occurrence 
of the precipitate. A further complication results in higher vegetable 
forms as a consequence of the nitrous acid in the reagent acting on a 
constituent of many cells and producing a reddish colour or a deep 
reddish-brown stain, sometimes causing the section to have a distinctly 
coloured appearance as if it were stained with a brown anilin dye. As 
a rule also the nuclei of all vegetable forms, with the exception of the 
Fungi, give a faint reddish reaction (Fig. 17), which seems to be due 
to the presence of some compound, or compounds, different from those 
which obtain in the cytoplasm, and in fact the nuclear reaction may be 
the only one found in a section. That it is caused by the nitrous acid 


of the’ reagent follows:from the fact that it can be obtained sometimes 


with a solution of pure nitrous acid. 

Where these special reactions obtain the orange-yellow colour of the 
potassium precipitate may be masked, and then of course the only 
decisive test lies in the production of the cobalt sulphide reaction. 
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i THE RESULTS. 7 

Potassium, as revealed by the hexanitrite method, is found in three 
conditions of distribution in cells and tissues. One of these conditions 
is that of infiltration or impregnation, and a second is due to a 
precipitation, apparently of a physiological rather than of a physico- 
chemical character, while the third condition arises from the activities 
of the cytoplasm localizing and circumscribing within itself solutions of 
compounds of this element. | | 

As an infiltration or impregnation product it occurs more or less 
uniformly diffused through extra-cellular structures, connective tissue 
fibrils, the matrix of articular cartilage and it is found also in the 
walls of many vegetable cells. In the fibrovascular bundles of young 
vegetable stems the walls seem to be, if not saturated with potassium 
salts, at least impregnated with them to a remarkable degree. For 
exainple, in transverse sections of the stem of Liliwm, Tulipa and Iris, 
the bundles, after the application of the reagent, give an intense yellow 
reaction, due, as shown under the microscope, to triple salt crystals, — 
which, in large part, are grouped in the immediate vicinity of the walls 
of the fibres and cells (Fig. 20). In the parenchymatous cells of the 
same sections the walls give a deep potassium reaction, even when there 
is no cytoplasm in their cavities. 

In older fibrovascular bundles, and especially in lignified tissue, the 
potassium is less abundant and it is not uniformly diffused. In pine 
wood, for example, the medullary rays and the “intercellular substance” 
alone constantly give a reaction, while the sieve tubes and scalariform 
_ vessels only here and there give distinct evidence of the presence of 
the element. In suberin-holding tissue (cork) no potassium salts 
occur. 

_ These variations in the extent and degree of impregnation are due 
to differences in the supply of sap or potassium-holding fluid obtaining 
access to the affected parts, and where the supply is constant and is 
_ diffused uniformly, the result is a uniform distribution of potassium 
throughout all inert material. 

The simple condition of impregnation also is seen in the Animal 
Kingdom wherever there are not only inert structures but also 
degenerating cells and tissues. In the developing exoskeleta of 
Arthropoda, and especially in the chitinogenous layers of the exo- 
skeleta of Crustacea (Homarus and Oniscus), the cells in the last stage 
of degeneration are highly charged with potassium salts, but in the — 
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undegenerated layers there is very little potassium except that disposed 
in the intercellular structures (bridges) and spaces. The more marked 
degree of impregnation is due to the fact that the cells, dying or dead, 
offer no resistance to the infiltration of potassium-holding fluids, and 
the salts of the element become fixed in the altered cytoplasm. The 
abundance, however, at times of potassium in chitiniferous tissue seems 


- to indicate that altered cytoplasmic products have a special affinity for 


potassium salts. How the potassium is held in this inert material it is 
not possible to say, but it may be due to the formation of a firm organic — 
compound. In this case the condition may be closely allied to, or may 
in fact be the same as, that illustrated in the physiological eT | 
to be referred to below. 

Related to this disposition of potassium is that to be observed in 
the intercellular spaces of epithelial tissue, of smooth muscle fibre and — 


of the constituent elements of the walls of blood-vessels generally. In 


the epithelial tissues the disposition is at times, not so much in the 
interspaces, as in the very walls of two adjacent cells, shown by the 
double rows of granule crystals (Fig. 25), but both interspaces and walls 
may be, as it were, saturated with potassium salts, a condition illustrated 
in the epithelium of Descemet’s membrane in the frog. Where, on the 
other hand, no interspaces exist, as, for example, in the epithelium lining 
the oviduct in the frog, the wall is impregnated with potassium salts, 


while the cytoplasm gives no evidence of its presence. — 


In the living cell itself potassium may or may not occur. That it 


| may be normally absent can be seen in Vorticellew, examples of which 


may; at times, be found absolutely free from potassium, except in the 
invaginated food masses and in the water vacuoles, These are not 
isolated instances, for other Infusoria (e.g., Paramecium) may be found 
to illustrate this fact, and the leucocyte, especially the lymphocytic 
variety of it, may give no reaction for potassium, while the nerve-cell is 
always free from it. 

When potassium is present it is only in the cytoplasm that it occurs. 
The cell nucleus, whether of the Animal or of the Vegetable Ki 1s 
absolutely free from potassium. It never gives a reaction for this 
element, and, further, this evidence on the negative side is strengthened 
by the fact that there is not an organic compound of potassium in which 
the presence of the latter is “ masked” as that of iron is in chromatin, 
hemoglobin or the ferrocyanides. All the organic compounds which 
contain potassium, including the “ albuminates” and nucleates, yield 


immediately their potassium to the hexanitrite reagent and it is, more- 
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over, on theoretical grounds, impossible to believe that there exists or 

can be formed a compound of potassium which will not so react. Con- 

sequently, the failure to obtain a reaction for potassium in the nucleus 
is evidence of a comprehensive kind in support of the generalization 

The facts in detail, gleaned from preparations made from a host of 
forms, both animal and vegetable, leave no doubt on this point and 
when, therefore, an apparent exception is found the evidence must be 
questioned. For example, when normal nuclei are found, after treat- 
ment with the hexanitrite reagent and ammonium sulphide, to give the 
cobaltous sulphide reaction, it may at once be assumed that the prepa- 
ration has not been sufficiently washed with ice-cold water to remove 
from the nuclei the sodium cobalt nitrite, which has penetrated them 
but has not encountered there any potassium to form the triple salt. 
As, further, the nuclei are slightly less readily lavable than the cytoplasm 
there is, unless care be taken, some of the double salt in nuclear 
structures, while not a trace of it may be found in the cell protoplasm. 
In the earlier stages of my studies on the localization of potassium in 
the cell I attributed the complete absence of a reaction for potassium in 
nuclei to the defective penetration of the reagent, but this explanation 
will not hold, for, curiously, the nucleus is as readily penetrated by the 
reagent as is the cell body itself, and one may demonstrate this to one’s 
own satisfaction with any ordinary preparation of fresh tissues treated 
for a few minutes with the —— and put, without further treatment, 
in the sulphide reagent. 

Careful washing for about twenty minutes, with the wash water 
frequently changed, is necessary to demonstrate the absence of potassium 
salts from the cell nucleus. One must also avoid using any but very 
minute pieces of tissue, for, though the reagent penetrates readily the 
individual cells with which it comes in contact, it does not diffuse 
through these, in the usual time required for its action, in sufficient 
amounts to attack properly the more remote elements. The reagent 
precipitates immediately any potassium it meets, but, if rapid penetra- 
tion of it does not obtain, the potassium compounds in the remoter parts 
may undergo redistribution before the reagent reaches them. There is, 
further, the disadvantage that when a tissue is rich in potassium salts 
the penetrating reagent becomes weaker or more dilute the more it 
penetrates. All these points have to be borne in mind i in acmating its 
effect on the cell nucleus in tissues, 

On this account a very clear demonstration of the freedom of the 
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nucleus from potassium can be had, perhaps, best and most readily in 
the case of unicellular animal and vegetable forms. In those species of 
Spirogyra, for example, in which the number of turns of the chroma- 
tophor spiral is few, while the cell is long and of considerable transverse 
diameter, this result is easily obtained, for when the reagent penetrates 
the cell wall it at once attacks the nucleus and one can observe the 
penetration of the latter. Such a preparation is quickly washed free 
from the uncombined portion of the reagent and then it may, without 
further treatment, be examined under the microscope to determine the 
distribution of the yellow triple salt. Under the best light, and with 
the aperture of the substage iris diaphragm increased or diminished, as 
desired, not the slightest shade of yellow can be observed in the nucleus, 
although there may be considerable quantities of the triple salt in the 


immediate neighbourhood of the chromatophor. That there are not — 


even traces of this compound in the nucleus in such preparations may 


be made certain by allowing some solution of ammonium sulphide to — 


run in under the cover-glass. 

~The result is not peculiar to Spirogyra, for one may obtain it in 
Cladophora, Oedogonium, and Chara, in all of which the nuclei are Jess 
favourable objects for this purpose, but i in Zygnema the demonstration is 
as readily made as in Spirogyra 
_ Protozoa also yield decisive resiilta (Amoeba, Vorticella, Paramecium 
and Stentor). In all the binucleate forms of Infusoria the macronucleus, 


as well as the micronucleus, is free from potassium. In order to 


obtain preparations of all such forms they were heated, in a thin film, 
on a cover-glass to 110°C. for two to three minutes and then treated 
directly with the reagent. 

_ This method and the result are open to the objection that in the few 
minutes of fixation there may occur a complete redistribution of the 
potassium salts, This objection can be met in the case of Vorticella, for 
these may be found attached to Conferve, and the latter can be readily 
removed from their media and with their attached organisms put, 
without further treatment, into the reagent. After twenty minutes the 
tuft of Conferve is removed, thoroughly washed with ice-cold water, and 
portions of it examined under the microscope for Vorticella. These 
when found may contain traces of potassium in the cytoplasm only. 
Such preparations sometimes show, after the application of ammonium 
sulphide, a brownish-red tinge of colour diffused throughout the cell, 
due to. a reaction on the — of some unknown 
compound orcompounds. - 
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In the cells of higher animal forms which can be obtained in a 
condition which permits, readily and at once, the application of the 
reagent, the result, so far as the nuclei are concerned, is the same. In 
the ova of Insecta and Crustacea and in the oogenous cells of the ovary 
of Rana, Necturus and Amblystoma, as well as of various fishes, the 
nucleus remains unaffected by the reagent, although there may be 
found at times abundance of potassium in the cytoplasm. If the ova 


are large and the cytoplasm rich in the element, the absence of a reaction - 


in the nucleus may not be evident, but in the smaller and immature 
cells it is otherwise. Neither is the result doubtful in the testicular 
cells. The testes of Oniscus, Julus and Lithobius can be removed directly 
from these forms, and, owing to their very minute size, placed: without 
further manipulation in the reagent. These cells are particularly 
favourable objects, because when they are carefully washed free of the 
uncombined reagent the nuclei and a large part of the cytoplasm of each 
cell manifest a clear silver-white colour in marked contrast to the yellow 
portions of the cytoplasm which contain the triple salt: On the addition 
of ammonium sulphide there is not the slightest trace of blackening 
ever to be found in the nuclear elements. In the testicular cells of the 


_ frog and Necturus, the rat and guinea-pig, complete absence of potassium 


from the nucleus may be established, although there are often in the 
cytoplasm of the spermatogonia of the rat, guinea-pig and other forms, 
large masses seemingly saturated with potassium salts. _ 

The other animal tissues yield as definite results as one obtains in 
the casé of the ovary and testes, although the manipulation to this end 
is often less easy. The most favourable for this purpose are those which 
permit a penetration of the reagent and whose cellular elements are — 
rich in potassium salts. Examples of these are found in the intestinal 
epithelial cells, for these have, in their activities, to dispose of con- . 
siderable quantities of the salts and in consequence their cytoplasm is 
always more or less rich in potassium. In Oniscus and Julus, for 
example, this is specially the case during the summer season, but the 
nucleus is absolutely free from potassium, however much there may be 
of it in the cytoplasm in its immediate vicinity. In the intestinal 
epithelial cells of Vertebrates, cells which are always excreting potassium 
compounds, the nuclei alone are always free from them, 

The nuclei of the salivary, gastric and pancreatic glands, of the liver 
cells in the rabbit, guinea-pig, and dog, of the renal and vesical epi- 
thelial cells in these animals as well as in the frog and Necturus, have 
all been found to be wholly free from potassium compounds. The same 
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must be said of the nuclei of muscle fibres, smooth and striated, in 
the frog, Necturus and guinea-pig, and further of the nerve cells of 
the retina, spinal cord and spinal ganglia of these animals, and the 
rabbit. 

These and a number of isolated obuervations on the saokei of 
various cells in other forms have made it quite clear and: definite that 
potassium is an element wholly foreign to the nucleus, and that in this 
there is no difference between animal and vegetable cells. In other 
words the nucleus, so far as potassium compounds are concerned, is a 
structure in the cell wholly apart from it. 

The first explanation of this remarkable fact which suggests itself is 
that the affinities of the cytoplasm for potassium must be satisfied before 
any of the element reaches the nucleus, and that, as these affinities may 
be extensive, it happens rarely, if ever at all, that the cytoplasm attains 


the condition of compléte saturation, thus arising the apparently 


universal freedom, from’ potassium, of nuclear structures. This ex- 
planation will not suffice, for in the dividing cells of the developing 
ovules of Lilium and Tulipa the free chromosomes, surrounded by a 
cytoplasm sometimes abounding in potassium salts, give no reaction 
whatever for that element. Further the discs of the red blood corpuscles 
in Amphibia are rich in potassium, particularly the zone in these 
immediately adjacent to the nucleus (Fig. 23), and yet the latter is 
absolutely devoid of potassium. In such there can be no question of 
affinity, for the very much greater part of the disc of the corpuscle consists 
of hemoglobin which does not unite directly or indirectly with potassium 
compounds. But the clearest evidence is furnished in the results of 
observations on spermatozoa. The head of the spermatozoon, as well 
known, represents the nucleus of the spermatic cell which gave rise to 
the organism. Around the head there is a membrane, but no cytoplasm 
to take up the infiltrating potassium salts which are in solution in 
the semen. Now in cover-glass preparations of fresh spermatozoa of 
Oniscus, Julus, Nectwrus, frog, guinea-pig, rat and man, there cannot be 
obtained the slightest trace of the triple salt reaction in the heads, 
- although in those of man there may at times be seen, in the membrane, 
a slight shadow which suggests the occurrence there of a trace of the 
triple salt. The result is not due to imperfect penetration by the 
reagent, as is clear, first from the fact that when preparations made with 
the reagent, after slight washing with water, are placed in the sulphide 
reagent, the heads are all rendered black, and in the second place, 
from preparations which after the application of the hexanitrite 
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reagent are carefully washed with water and afterward treated with 
the sulphide reagent, the heads then showing often the curious faint 
reddish tinge that one finds in the nuclei of vegetable cells, referred to 
above. 

In the Cyanophyces (blue-green Algw) there is no nucleus, but 
there is a structure which contains all the active chromatin of these 
forms and which is known as “the central body” (Centralkirper). The 
relationship of this is a moot question which I have fully discussed 
elsewhere’, and I am inclined to regard the central body as a struc- — 
ture sui generis, which, in so far as it contains the analogue of the 
nuclear chromatin of higher forms, performs some of the functions 
of a nucleus. As regards the absence of even traces of potassium 
the central body is like the nucleus. In Oscillaria princeps, O. tenuis, 
and Tolypothria lanata, potassium compounds are present, but only 
in the cytoplasm outside the central body. Though there is no 
membrane, as in the case of true nuclei, there obtains some process in 
the central body which acts as a barrier to the penetration of the latter 
by potassium compounds, On the other hand the bodies known as the 
“red” granules of Biitschli which contain, or are formed of, a chromatin- 
like substance and are, further, situated on the outside, or on the 
periphery, of the central body, are usually impregnated with potassium > 
salts and are, therefore, to be regarded as elements apart, not only from 
the central body, but also from nuclear structures. 

‘The cytoplasm of animal and vegetable cells is, except in Infusoria 
and in the case of nerve cells, never wholly free from potassium which 
is rarely in a diffused condition in the cell body. The element occurs 
here either (1) as a local precipitate or a series of localized and circum- 
scribed precipitates, or (2) in the form of a biochemical condensation. at 
one or more points or in one or more structures of the cytoplasm. The 
term precipitate is not the most satisfactory one to apply here, for, 
apart from the compounds it forms with platinic chloride, cobalt hexa- 
nitrite and one or two other precipitating reagents, none of which 
occurs outside the laboratory, the salts of potassium are extremely 
soluble and it is, consequently, quite unlikely that any purely physical 
precipitate of potassium obtains in the cytoplasm of living cells. This, 
however, does not exclude the possibility of there being purely 
physiological “precipitates” of potassium whereby compounds. of ‘the 
element, though still in solution in the cellular — are sea 
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through their relation with the colloid material containing them, as inert 
and indiffusible as if they were converted into the physically insoluble 
form. Such an explanation is the only one to offer in the‘ case of 
confervoid Algs which, growing in media rich in potassium salts, permit 
the entrance of the latter but localize them in that part of the cyto- — 
plasm immediately under the membrane. ,In Diatoms (Fig. 15) the 
potassium-holding compounds are confined to points immediately under 
the test in such a manner as to supgest at once the character of the — 
precipitate for the localization. A somewhat similar condition is found 
in higher forms, animal or vegetable. In the guard cells of stomata in 
the tulip (Fig. 18), in the mycelial fibres of Agaricus (Fig. 6), and in 
the testicular cells of Oniscus and’the frog, the potassium salts are very 
definitely localized, and the potassium-holding structures are strictly 
circumscribed bodies in the cytoplasm of the spermatic cells of the rat 
and guinea-pig. Also in the ovaries and salivary tubes of Crustacea 
and Insecta the precipitate-like character of the localization is very 
pronounced at times. Further, at circumscribed points in the medulla 
of nerve fibres are found, not infrequently, considerable quantities of 

a potassium compound, while elsewhere in their neighbourhood Sure 
may be slight or no traces of the element. 

The condition which I have indicated by the term biochemical 

' condensation admits of no doubt, although its character is very difficult 

to explain. Examples of this condition may be found in Spirogyra 
(Figs. 7 and 8), in which the potassium compounds seem to be localized 
In the immediate neighbourhood of the margin of the chromatophor, the 
other cellular structures as well as the cell sap being wholly free from — 
them. The substance that appears to contain the potassium compound 
is a colourless plasma-like material in immediate contact with the 
‘chromatophor and probably a very considerable factor in the carbo- 
hydrate anabolism, which is supposed to be, in part at least, the function 
of the chlorophyll-holding band. The absence of potassium elsewhere 
in the cell, not only from the nucleus but also from the radiating strands _ 
of protoplasm which connect with the potassium-holding plasma, shows 
quite clearly the power living matter has of localizing, even in a soluble 
form, of condensing, as it were, the potassium salts required ne meta- 
bolism. 

One of the most striking illustrations of this “condensation ” in the 
Animal Kingdom is to be found in striated muscle fibre, the dim bands 
of which are charged with potassium, while the light bands are devoid 
of even a trace of it (Fig. 30). The disposition of the element as it 
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obtains here and in Spirogyra shows that sappaaccetet einstein 
biochemical forces. . 

It is sometimes very difficult, nay impossible, to determine whether 
@ quantity of potassium localized in a cell is a condensation or a 
precipitate. Examples which illustrate this may be found in Spirogyra 
threads entering the stage of plasmolysis (Fig. 11), in the chlorophyll- 
holding cells of the lily and tulip (Figs. 17 and 20). 

It is of course possible that there is no sharp distinction between 
what is a precipitate on the one hand and what, on the other, is 
a condensation, and one can only say that a typical instance of one 
is in character quite different from the other. It is also possible that 
& precipitate and a condensation product may occur together, and this 
explanation would appear to serve in the case of some vegetable cells 
in which aggregates of potassium-holding material are in close relation 
with the cell nucleus (Fig.17d). 

Of one point there is apparently no doubt, and it is that by 
precipitation the cell gets rid of, or renders inert, all excess of dissolved 
and diffused potassium salts, This is the case specially with those of 
leaves and other vegetable transpiration organs. The current of water 
from the roots always carries in solution inorganic salts to the leaves, 
‘and those of potassium are by no means the least in quantity. On 
evaporation they are left in the leaves, and of course quantities accu- 
mulated there depend on the soil in which the organism grows, on the 
quantity of fluid transported to the leaves and on the degree of humidity 
of the atmospheric medium ; but in every case it is considerable, and . 
more potassium must reach the cells than they require or than is 

avourable to the biochemical activities of the cells. This excess is 
disposed of by them, it being packed away or “precipitated” in an 
inert forth in portions of the cytoplasm, as illustrated in Fig. 17.4. This 
would explain why it is that the ash residues of many vegetable forms 
vary so widely in their composition, and especially in regard to the 
percentage of the potassium found, It explains also why some plants 
grow equally well in soils rich or poor in potash salts, and whose ash 
residues vary accordingly in the amount of the potassium present. It is — 
in this way that vegetable forms acquire the capacity to tolerate the 
presence of large quantities of potassium. 

Neither in the nucleus nor in the cytoplasm of the nerve-cell, as 
already stated, is there a trace of potassium. Preparations of the 
ganglia of the posterior spinal roots and of the sympathetic in the 
frog, rat and guinea-pig, show potassium, often in abundance, in the 
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tissue elements between the nerve-cells and sometimes, as is specially 
the case with those of the sympathetic, on their very surface, but the 
hexanitrite leaves their cytoplasm absolutely unaffected. The super- 
ficially deposited potassium in the sympathetic cells of the frog may be _ 
in such quantities in some instances that the triple salt which it forms 
may wholly obscure the view of the interior of the cells, but this 
difficulty may be overcome by pressure on the cover-glass and so 
displacing the superficial precipitate. In the nerve-cells of the retina 
such a superficial deposition of potassium does not obtain, nor is it 
found in the nerve-cells of the cerebral cortex or of the anterior cornua 
of gray matter in the spinal cord in the guinea-pig and frog. To show 


_ this, thin sections from fresh material frozen with the carbon dioxide 


spray were treated with the reagent for ten minutes, washed carefully 
and mounted in a mixture of glycerine and ammonium sulphide. In 
such preparations the nerve-cells appeared as white or absolutely un- 
shaded structures in a more or less shaded (dark) gray matter. 


This freedom from. potassium is found also in the dendrites and 


axons. As regards the former, the demonstration is not readily made, 
for these, being very minute structures, are difficult to bring into view 
or to isolate for the purposes of examination. They form, however, the 
by far greater part of the outer and inner molecular layers in the 
retina; and these layers in the frog give no reaction for potassium, 
although, at times, one may see other structures which present a 
curious resemblance to the synapsis of dendrites (Fig. 32a). In the case 
of the larger nerve-cells of the spinal cord of the frog the polar processes, 
as far as they can be traced in the gray matter, show no evidence of the 
occurrence in them of any potassium compounds. 

The case of the axons is much clearer. In preparations of the sympa- 
thetic in the guinea-pig and frog the non-medullated fibres May show 
a faint potassium reaction in their neurilemmas, but not in the axons 
themselves.’ Non-medullated fibres from Insecta and Crustacea are not 
less decisive on this point and are favourable objects for its demonstra- 
tion. The fact is rendered clear also from preparations of medullated 
nerve fibres. In these latter the fat-holding sheath offers some 
resistance to the penetration of the reagent, for in the case of single 
isolated fibres from the sciatic of the frog somewhat less than half-a- 
minute is required for the passage of the reagent to every part of the 
axis cylinder, the paths which it takes being the trabecule of neuro- 
keratin and through the nodes of Ranvier. The result, however, is the 
same even when the reagent obtains immediate access to the axon, as, 
8—2 | 
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when on isolating the fresh fibres by teasing, the medulla happens to be 
torn away, leaving the axon uncovered. Also in transections of the 
fresh spinal cord of the frog in which there is ready penetration of the 
reagent to every part, the axis cylinder gives ne reaction. 

The medullary sheath, on the other hand, contains potassium, 
sometimes in abundance, but not usually uniformly distributed. It is 
found in the neurokeratin trabecule, but often more in those parts of the 
latter which are immediately adjacent to the axon, and in consequence 
the latter may appear in such preparations as a merely negative image, 
or, to state it differently, as a white shaft or strand enclosed in a 
coloured tube (Fig. 38c). The two thus appear in contrast, the dis- 
tinction between the innermost portion of the neurokeratin framework 


and the axon being of the sharpest degree. When the axon does appear — 


coloured it is found due to the colour in the sheath through which it is 
seen, 

In addition to the potassium occurring more or less diffusely in the 
neurokeratin framework, quantities of it are found in minute masses or 
in bizarre structures to be obseryed here and there through the sheath. 
These are sometimes immediately adjacent to the axon, sometimes 
immediately beneath the neurilemma (Fig. 386). In the nerve fibres of 
the rat and in some of those of the frog one observes structures like 
those represented in Fig, 34, oval or circular rings, formed of granules 
constituted of potassium-holding substance and sometimes a central 
mass of the same material. These rings are, in the rat, regularly 
distributed along the fibre, which has a remarkable appearance in 
consequence (Fig. 39 a). . 

Frequently under the sheath and in contact with the axis-cylinder 


are minute potassium-holding masses, sometimes in groups but more _ 


often isolated and distributed at irregular intervals in the extent of the 
fibre between the nodes of Ranvier. The size of these varies very much, 
but they may be but minute granules, Sometimes also the largest of 
them may be seen to be composed of aggregations of minute granules. 
The variability in size and density is found also in the potassium-holding 
material observed at the nodes of Ranvier or in their neighbourhood. 
Here often there may be what appears to be a dense mass surrounding 
the fibre, the shape of the mass varying, but partaking sometimes of the 
appearance given the silver method employed to demonstrate the nodes. 
In nerve fibres from the frog the potassium reaction is sometimes a 
diffuse one in the neighbourhood of the node, where also the potassium- 
holding material may be a collection of fine granules situated between 
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the axis-cylinder and the sheath and extending for some distance on 
either side of the node (Fig. 37). It may even happen, though rarely, 
that the part of the fibre in the immediate neighbourhood of a node 
gives no evidence of the presence of potassium, but further wade the 
fibre is a granular precipitate of it (Fig. 36.a)'. 

That even at the node the axon, though completely secnehindel by, 
or immediately in contact with, potassium-holding material, is free from 
traces of the element may be clearly demonstrated by carefully pressing 
the cover-glass down on the preparation so as to bring into view the 
part of the axon covered or surrounded by the potassium-holding ring. 
Also in the course of teasing out the fibres, after they have been treated 


with the reagent, it happens now and then that the sheath is torn away . 


at the node, where, in consequence, the potassium-holding material 
is displaced sufficiently to expose the underlying reactionless axon. 
The marked and constant potassium reaction at the nodes indicates 


that there is at these points an unusual distribution of inorganic 


compounds, Potassium salts, as already pointed out, are not confined 
to the nodes, being at other points distributed in the sheath and 
between it and the axon, but it is characteristic of the nodes to display 
an abundance of material which reacts orange-yellow with the hexani- 


' trite reagent. The potassium present is, in large part, perhaps united 


with chlorine, for I believe that the silver reaction, as employed by 
Ranvier and others to demonstrate the nodes, is due to the formation of 
chloride of silver which undergoes its. characteristic change under the 
action of light. The view usually accepted is that there is some organic 


material in the nodes which also fixes the silver nitrate in itself and 


which reduces the latter in sunlight. This cannot be readily accepted for 
the reaction is, as I observed it in the frog, often of a minute granular 


_ character, and in some cases also the node itself gave no reaction while 


one was obtained on either side of it for some distance along the axon. 


The confinement of the reaction to the nodes and their immediate 


neighbourhood is not evidence that chlorides are not present elsewhere 
in the fibres, for the reagent does not penetrate them very readily, 
except at the nodes and, of course, here the chloride precipitate, once 
formed, would be a barrier to further penetration. If, however, the 
reagent contains free nitric acid its penetrating power is increased 
somewhat and then one may sometimes see, both in the sheath and 
between it and the axon in some fibres, minute granules distributed 


1 So far as my observations go, nerve preparations from summer frogs do not contain 
as much potassium as those from the winter frog show. 
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more or less uniformly between the nodes. These are probably due to 
the presence of chlorides and especially of chloride of potassium. 
Potassium compounds are also found in the medullary clefts or 
imbrications of Lanterman and in Frommann’s rings. The former may — 
in some fibres be brought imto view very distinctly by the potassium 
reaction, while in others the external portion only of the imbrication 
may be revealed (Fig. 40), and then one may see that there is no break 
in the continuity of the external border of the sheath. 

The material constituting the membranes of the imbrications is 
continuous with the neurokeratin of the adjacent portions of the 
medulla and is formed of that substance. This explains the occurrence 
of potassium therein, for, as it is inert material, it undergoes impregna- 
_ tion with compounds of the element. 

The rings of Frommann were only occasionally seen, and when 
observed they were usually found remote from, or, at least not adjacent 
to, the nodes of Ranvier. The parts of the rings revealed by the 
reaction were very thin bands around the axon and disposed at regular 
intervals along the fibre. They appeared to be independent of the axon 
and to be formed of neurokeratin. Wherever they occurred there were no 
other precipitates or collection of potassium-holding material between | 
the sheath and the axon, but the neurokeratin of the former was | 
impregnated with compounds of the element and these were also present 
in the nodes and their immediate vicinity. 

In striated muscle fibre there is a remarkable disposition of the 
potassium compounds. This is most distinctly shown in preparations 
from Insecta and Crustacea, particularly on account of the ease with 
which the muscle fibrils in these may be isolated for the purpose of 
bringing the reagent into intimate contact with them, and because also 
of the large size in them of the constituent parts of the fibril. The value 
of these and other Invertebrate preparations also consists in the fact that 
they do not, as pointed out above, contain creatin, which is a constituent 
of Vertebrate muscle and which reacts with the hexanitrite reagent to 
a considerable degree like potassium. In the wing muscles of beetles 
and the claw muscles of the crayfish the very clearest results were 
obtained, the dim band alone giving the reaction, the whole of the 
light band, including the doubly refractive material of Dobie’s line, 
maintaining, even after long application of the reagent, its pristine 
clearness. In the wing muscles of the scavenger beetle, in the resting or 
relaxed condition, the reaction as a rule appears most marked in zones" 
near, but not immediately adjacent to, either end of the disc, the two 


4 
at 
} 
£ 
ot 
le 
Ag 
“ 
ty 
te 
{ 
{ 
3 
% 
A 
q 
», 


POTASSIUM IN CELLS. 117 


zones in each disc being separated by one in which the reaction is often 
much less distinct. At the extreme ends of the disc the reaction is less 
intense and there is, sometimes, no very sharp line of demarcation 
between the light and the dim bands (Fig. 30a). ) 

Inthe contracted fibril there is a slight redistribution of the potassium, 
for the deepest effect is given in the centre of the dim band, which how- 
_ ever may not be detected owing to the marked reaction of the dim band 
as a whole. This reaction gives also a sharp border to the light zones 
which, as in the uncontracted or resting fibril, are unaffected (Fig. 30 5). 

That these reactions in the dim bands are not due simply to 
impregnation of the doubly-refractive material with cobalt salt, rather 
than to the triple salt reaction, may be made evident in carefully washed 
preparations, but the clearest indications regarding this are furnished by 
muscle preparations from certain Vertebrates. In these the fibres are 
_ too thick to permit of rapid penetration of the reagent, and they cannot 
be resolved into fibrils without altering their chemical character and thus 
_ redistributing their inorganic compounds to some extent. When applied 
directly to the fibres the reagent consequently affects only their more 
superficial parts, that is, those immediately underneath the sarcolemma. 
Here the reaction in normal preparations is found to be a uniform one 
throughout the substance of the dim band in the higher Vertebrates 
(e.g., the guinea-pig), but in the frog it consists of a more or less granular 
_ precipitate, the granules being of irregular size and some also of semi- 
crystalline form (Figs. 29,a—c). These may not be due to potassium 
alone, for creatin, instead of the latter, may enter into the composition 
of some of them, in which case they would be indistinguishable from those 
of the potassium-holding kind ; but the important point is that if there 
are kinds, so varying in their composition, they are confined to the dim 
bands, yet do not occupy the whole area or volume of the latter, whereas 
if the results were due to simple impregnation it would not be localized, 
as in this case, to portions only of these bands. ae 

There are other facts which indicate that the reaction obtained i is not 
due to impregnation. Solutions of cobalt acetate applied directly to 
muscle fibre either from the guinea-pig or the frog will not give results 
like that described above, but will rather tend to impregnate both light 
and dim bands alike, and when, with great care, its distribution is limited 
to the dim bands, it is not confined to portions of the latter, as is the 
case with the hexanitrite compounds in frog’s muscle fibre. Further: 
when the penetration of the fibre is tardy or when the preparation, 
previously to treatment, is allowed to remain untouched some time before 
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bringing the reagent to act on it, the disposition.of the granular 
precipitate may be quite different from that obtained in normal 
preparations. I have in such preparations found the granules, some- 
times in the light bands alone, and sometimes along the line of 
separation between two adjacent light and dim bands. In other cases 


again the reaction is uniform throughout the whole sarcoplasmic 


“network,” and granules are not shown. 
The explanation, which, with some reserve, I advance for these ~ 
abnormal results is that in the preparations illustrating them there had 


occurred in the fibres, before they were subjected to the action of the — 


reagent, a redistribution of the potassium compounds, and possibly also 
of the creatin, and, as a consequence, different structural elements were 
rendered visible by the reaction. This may also be to a certain extent 
the true explanation of the conflicting results of observers regarding 
the finer structure of muscle fibre, for the parts in question are 
exceedingly minute and thus, even in normal cases, make the interpre- 
tation of what is observed very difficult, but the difficulty would be 


_ greatly increased if there were a shifting of the soluble constituents of 


the fibres from one minute point to another, thereby making the results 
of the treatment with simple staining reagents more or less different 
from what they are in the case of normal or unaltered tissue. | 

I have not once succeeded in obtaining a satisfactory demonstration 
of the distribution of potassium in the cardiac muscle fibré of the frog, 


but in that of mammals, and specially of the guinea-pig, such a demonstra- 


tion has been often obtained. The potassium found is confined to, and 
uniformly distributed throughout, the dim bands, which, through the — 
cobaltous sulphide reaction, appear in as quite a marked contrast to the 
light bands as in the case of the fibres of the scavenger beetle. There 
is no evidence of any concentration of the potassium salt in the — 
neighbourhood of Hensen’s line, but this may have been due to the 

absence of contracted cardiac fibres from my preparations. I have not 
observed in such cardiac muscle fibre any tendency for the reaction to 
develop a granular precipitate confined to portions of the dim band, 


instead of the uniform distribution described. 


GENERAL REMARKS, 


Although a large number of observations, on a wide range of forms, 


_ animal and vegetable, regarding the distribution of potassium, have been 


made, it is not yet possible to formulate with certainty conclusions as to 
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the réle or réles played by the element in living matter. This can only. 
be done when the range of forms examined for this purpose is much 
more extensive than I have employed to this end, and when the cells of 
all types, and showing all species of activity, have been carefully studied 
with the aid of this method. 

It is, nevertheless, possible now to discuss certain general features 
which the results already obtained make manifest, and it is also of - 
advantage to do so, in order to indicate the lines which — investi- 
gation must take. 

There is, first of all, no o difficulty regarding the potassium salts of 
impregnation, and especially in those cases where the material affected 
is inert. This is a purely physical phenomenon in which vital processes _ 
play no part, except when the inert material is situated in, and 
surrounded by, cytoplasm. Then the potassium present represents a 
portion of that excreted or disposed of by the active living matter. 

There is, further, little difficulty regarding the potassium of pre- 
cipitation. Its abundance in the cells of vegetable forms, whose media 
are rich in salts of the element, or in whose transpiration currents they 
are present in considerable quantities, makes it apparent, as previously 
indicated, that this is a method which living matter has of disposing of 
the quantity of potassium in excess of what it requires for its functions. 
It is, as already pointed out, very difficult to distinguish in some cases 
between a precipitate and a condensation, that is, a quantity of 
potassium salt concentrated at a point in the cytoplasm to assist the — 
metabolic functions of living matter. There are, however, enough facts 
regarding the latter condition alone which enable us, in discussing the 
réle of potassium, to eliminate the processes due to precipitation. 

It may also be regarded as certain that potassium does not subserve 
either the generation or conduction of nerve impulses. If potassium is 
so employed it must be in amounts infinitesimal, or so minute, that they 
are beyond the limit of detection by a reagent and a method sensitive 
enough to precipitate 99 per cent. at least of the potassium in solution. 
Such infinitesimal amounts of potassium would, in ordinary quantitative 
chemical analysis, be either unweighable, or, if within the limits of the 
ponderable, be ascribed to impurities derived from the adventitious 
tissue elements quite, or practically, inseparable from nerve cells and 
axons. To postulate such an attenuated dilution of the potassium ions 
as serving, for example, for the conduction of nerve impulses along an 
axon, is to make it open to question whether we can derive much 
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assistance from the electrolytic theory in trying to understand the 
conductivity of nerves. | 

It is possible that such conductivity depends on the presence of a 
sodium compound, but that compound cannot be the chloride, for, in 
preparations appropriately made with nitrate of silver, used as a micro- — 
chemical reagent, chlorides cannot be demonstrated in either the nerve 
cell or its axons, although it may occur at the nodes of Ranvier 
and at other points in the fibre exterior to the axon. The sodium 
cannot occur as a phosphate, for by the nitric-molybdate method the 
nerve cell and its axons are shown to be free from inorganic phosphorus- 
holding compounds. Are we then to suppose that sodium occurs as a 
sulphate, or a carbonate, or both, the anions as well as the kations of 
which are not demonstrable by any microchemical method at present 
at our disposal ? 

The evidence is also clear regarding the freedom of the nucleus from 
potassium. Here also, as in the case of nerve cells and their axons, one 
could perhaps postulate the presence of potassium in such minute quan- 
tities as would defy detection; but it may, very properly, be held that 
with a very delicate reaction, giving negative results, it is not of much 
service to resort to refined explanations on the point. Further, the 
negative result is corroborated by the absence of chlorides and inorganic 
phosphates from the nucleus, as demonstrated by the silver nitrate and 
the nitric-molybdate methods. Is it possible that, potassium compounds 


‘and all phosphates and chlorides being absent, the sulphates and 


carbonates of sodium alone obtain in the nucleus? The negative answer 
to this question would practically involve the conception of the nucleus 
as a structure in which only organic compounds are present. Potassium 
being absent, does there occur in it such a compound as sodium nucleate? 
Assuming the absence of all inorganic salts' the latter compound would 
constitute the only electrolyte which the nucleus might contain. 


+ So far as the microchemical reactions for calcium are serviceable they do not 
show its occurrence in the nucleus. These reactions are of course not nearly as 
sensitive as those for potassium or iron are, and consequently one cannot regard them 
as establishing the absence of calcium salts from the nucleus, but the sulphate and 
carbonate are insoluble, the phosphate largely so, while chlorides and inorganic 
phosphates do not occur in the nucleus. What salt of calcium could then obtain in - 
the nucleus except a nucleate or further, one in which the occurrence of the calcium 
is masked? Loew holds also that the magnesium serves for the assimilation of 
phosphates or as s carrier of the latter to points where such assimilation occurs. 
This would exclude magnesium from the nucleus except in infinitesimal quantities. Bs 
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With the freedom of the nucleus from potassium salts and, in- 


ferentially also, from other inorganic compounds, it would follow on 
morphological grounds that the head of the spermatozoon should be 
lacking in such compounds, and the facts so far obtained indicate clearly 
that it does not contain potassium. If fertilization of the ovum, as has 
been suggested, is due to transference of inorganic salts to the female 
cell, those of potassium cannot be amongst them, unless such salts are 
taken up by the head just previously to its penetration of the ovum. 

The facts regarding localization of potassium in the cytoplasm 
demonstrate the power which living matter has of shifting to this or 
that point, or even excluding from itself altogether, salts of the element. 
Most instructive on this point are preparations of the corneal and vesical 
epithelium of the frog, in the cytoplasm of which there may not be a 
trace of potassium while the intercellular substance and spaces may be 
saturated with the element. There is thus in living protoplasm a 
directing force controlling the distribution of potassium salts, a force 
apparently opposed to, or, to express it with a due degree of caution, 
- more refined than, the ordinary physical force comprehended by the 
term osmosis. This force, or, perhaps, group of processes, must be 
exercised in a more marked degree in the case of the nucleus to 
preserve it free from potassium salts. 

There remain the metabolic processes in which the presence of 
potassium may be a necessary factor, and here the data are not 
sufficiently numerous to permit the formulation of exact conclusions’. 
The facts so far ascertained point definitely to a participation in some 
way of potassium salts in the processes of assimilation and perhaps also 
in those of dissimilation. In Zygnema, and particularly in Spirogyra 
the close association of the potassium salts with the neighbourhood of 
the chromatophor suggests that compounds of: potassium enter into the 
synthetic processes concerned in the formation of carbohydrates. Even 
in the higher vegetable forms potassium salts accompany chlorophyll, 
although the association is not as striking as it is in Spirogyra. 

_ In the growth and formation of vegetable cell walls potassium seems 
to play a part. In the spores of Hquisetum arvense (Fig. 16) the cell 
which gives rise to the primary root hair is, from the first, very rich in 
potassium salts which, as the root hair begins to develop, collect at that 
point where the hair is to arise, and while the growth continues the 


1 Loew (Arch, d. ges. Physiol., xxur. p. 510, 1880; also Die chemische Energie der 
lebenden Zellen, 1899, pp. 32, 33), holds that potassium salts exercise several functions, 
but that one of these concerns the condensation processes of organic synthesis. 
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inner surface of the hair membrane remains in association with the 
_ salts, This appears to obtain also in the formation of. the pollen tubes 


in Lilium, the potassium observed in the active cell of the grain appear- 
ing, when the tube develops, to accompany its extension downwards 
through the tissues of the capitate stigma. As the tube becomes very 
long the quantity of potassium that may be at any one point within its 
wall is very minute, or in traces only, but when the tube first begins to 
grow the amount at the point of growth is sufficient to make a clear 
demonstration of the fact. 

In several preparations of Spirogyra which illustrated the process of 
conjugation there was found, within the tips of the outgrowing processes, 
and almost immediately adjacent to their terminal walls, a marked 
potassium reaction, quite distinct from, and much more marked than, 
that of the adjacent cytoplasm. When the terminal walls of two 
processes were in contact the reaction was most decided, but when the 
double wall was absorbed no potassium was found at the point. Whether | 
the potassium salts are associated with the outgrowth of the processes 
alone, or with this and the absorption of the walls in contact, cannot be 
determined, but it is at least possible that there is here a function of 


, potassium salts like that illustrated in the formation of the pemary 


root hairs of Hquisetum arvense. 

The exceptional distribution and abundance of potassium in striated 
muscle fibre must indicate a special function. That contractility is not 
necessarily due to this function follows from the fact that smooth muscle 
fibre contains but little potassium, which is uniformly diffused through 
its cytoplasm. This function may be concerned in the generation of 
contractions of very short duration but not in the production of tetanus, 
for the same distribution, as pointed out, is found in cardiac muscle fibre. 
It is, however, well to remember that, if the distribution of potassium 


in striated fibre is exceptional, the structure and composition of the 


latter are equally so. In the dim bands where ‘the potassium obtains are 
found glycogen, myohzemoglobin, a nucleo-proteid and apparently also, 
although this is not certain, the. myosinogens. Such compounds do not 
occur in close association in any other tissue element, but their occur- _ 
rence together in those parts of the muscle fibre, the dim bands, which — 
are believed, if not universally recognized, to be the active elements in 
bringing about contraction, gives them an importance hich is enhanced 
by the fact that potassium is associated with them. It is to be noted ~ 
also that in the ash of striated muscle potassium greatly exceeds in 
proportion every other basic element present, even sodium, an excess 
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that is not found in the case of any other tissue. This points to its 
having a special role in striated muscle fibre, but what that is, further 
than that it is probably metabolic, it is impossible to say. 

The distribution of potassium salts in the secreting cells of the 
pancreas of the rabbit and guinea-pig suggests the idea that such 
compounds take part in some way in the act of secretion. They are 
not at all found, even in traces, in the “protoplasmic” zone of the 
cell and they are most abundant in that part immediately adjacent to 
the lumen of the tubule. It is not possible to say whether in the 
- living cell they are in the granules, or in the cytoplasm surrounding 
these, or in both, for the granules quickly dissolve in the reagent and 
are not seen in the preparations of the gland made with it. The con- 
densation of potassium shown in the cell. border of the lumen (Fig. 33), 
as well as its presence in the walls between the cells, would seem to 
indicate that it occurs also ‘during the life of the cell in the cytoplasm 
- of the granular zone, i in‘which case it would participate in the elaboration 
of the secretion. 

The avidity of some moulds, fungi and bacteria, for potassium salts 
postulates some metabolic réle for the latter in these forms. This does 
not imply, of course, that large amounts of potassium salts are absolutely 
necessary to the life of these forms, for in the case of Saccharomyces 
Luduwigit some of the apparently most active cells may show only 
traces of them, and young budding cells rarely give a reaction for 
potassium (Fig. 5). But there is one form in which this avidity 
obtains in a remarkable degree. It is parasitic on Spirogyra, into 
whose cells and their cytoplasm it sends mycelial threads (haustoria) 
which absorb from the more or less plasmolysed protoplasm all the 
potassium salts which it contains (Fig. 14), and a part at least of the 
potassium so taken up finds its way, or is removed, to the spore-like 
body from which the haustorial threads are derived (Fig. 13). After a 
full development of the haustorial filaments is reached all the potassium 
compounds are in the threads whose course throughout the disorganized 
cytoplasmic mass can be clearly followed through the distinct reaction 
.which they give. Wherever these parasitic forms prevail they illustrate 
this fact, and the constant presence of potassium in them suggests that 
there is in these organisms a degree of kaliophilism parallel to the 

siderophilism of Leptothria: ochracea, or the thiophilism of the Beggiatow. 
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SUMMARY. 


The data and the discussion of the foregoing pages may be summar- 
ized as follows : 

1. The hexanitrite of cobalt and sodium, CoNa,(NO,),, in solution 
and in the presence of acetate of sodium, is an immediate precipitant 
for potassium from its solutions, the precipitate being an orange-yellow 
triple salt, which is, according to K. Gilbert’s investigations, the hexa- 
nitrite of cobalt, sodium and potassium, Col 
2 When the reagent is specially prepared it precipitates, as the 
triple salt, instantaneously and completely, all the potassium from its 
_ solutions. For this purpose it is made by dissolving 20 grams of cobalt 
nitrite and 35 grams of sodium nitrite in 75 c.c. of water, adding thereto 
10 ce. of glacial acetic acid and diluting the solution with water to 
100 cc. | 

3. When isolated cellular elements, or fresh tissues, very minutely 
teased out, are put in quantities of this reagent, the latter penetrates to 
all parts of these elements in a few seconds, and, in consequence, in that 
time precipitates all their potassium at all points where its compounds 
oceur. If these are abundant, as, for example, in some vegetable tissues, 
the precipitate is crystalline, but if they occur only in minute quantities, 
as is the case in all cytoplasmic structures, the precipitate is of such a 
character that its constituent particles are not individually visible. 

“4 In order to determine the distribution of the precipitate in 
a preparation, the latter must be washed thoroughly with ice-cold water 
to remove all traces of the precipitant, after which the triple salt formed 
and left behind will, if it is abundant, reveal itself under the microscope 
by its light orange-yellow colour. To reveal the presence and distribu- 
tion of the more minute quantities the preparation may be treated with 
ammonium sulphide solution, which gives the black cobaltous sulphide 
reaction wherever the triple salt is precipitated, and thus the black 
reaction at any point is evidence of the presence there of potassium. 
Such preparations mounted in 50 per cent. glycerine will keep for 
about two months. 7 


5. As revealed by the method potassium occurs in both the 


cytoplasm and the extracellular structures. In the latter it is present 
as a product of impregnation and infiltration and, as a consequence, there 
are few such structures that are free from it. In intercellular material 
and in inert or dead matter it is usually very abundant. 
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6. The cell nucleus does not normally contain the slightest trace of 
potassium nor does the head of the spermatozoon give the slightest 
evidence of its presence there, and, further, in the structure known as 
the central body of the Cyanophycex, which is regarded by many cytolo- 
gists as a nucleus, or as a body resembling a nucleus, no potassium 
reaction can be obtained. | 

7. Nerve cells are wholly free from potassium and this freedom 
extends to the dendrites and axons. External to the axons in medul- 
lated nerves potassium compounds obtain chiefly at the nodes of Ranvier 
and in the neurokeratin framework of the sheath, but at _— points 
also often.in minute masses of bizarre form. 

8. The potassium obtaining in cytoplasm occurs in two conditions, , 
that of physiological precipitation, and that of physiological or bio- 
chemical condensation. 

9. The precipitation is not of a physical character but may perhaps 


be of the nature of fixation, in an inert form, of the potassium in passive 


colloidal material in the cytoplasm. This precipitation is the process, 
apparently, by which living, active cells dispose of the excess of 


potassium salts which may invade them, as in the case of vegetable 


forms, in very great excess. 
10. In the condition of physiological or biochemical condensation 
potassium salts in solution are concentrated in some particular part or 


parts of the cytoplasm and excluded from the remainder. This condition 


of condensation is, undoubtedly, in some cases at least, a factor in the 
metabolic processes peculiar to the cells, or species of cells, illustrating 
the condition. That salts can be in solution and at the same time 


confined strictly to parts of the cell is shown in Spirogyra, in which, 


in the healthy normal form, the potassium is strictly localized to the 
immediate neighbourhood of the chromatophor, which, in the intact cell, 
is supposed to function, i in some degree, in the synthesis of the sania 


_hydrates. 


11. In smooth muscle fibre the potassium found is scant and it 
is diffused throughout its cytoplasm, but in striated fibre there is a 
condensation of the potassium in the dim bands, the rest of the fibre 
being free from the element. When the fibre is-in the contracted 
condition the potassium is most abundant in the middle third of the 
band, at least such is the case in the wing muscles of the scavenger 
beetle. It is the doubly-refractive substance of the dim bands that, 
apparently, constitutes the contractile material, that is, the inogen of 
Hermann, and its association with potassium suggests some relation of 
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‘the latter, not with contraction, for smooth muscle fibre shows that 
property, nor with tetanus, for in cardiae muscle the potassium is 
disposed as in ordinary striated fibre, but with rapidity of contraction, 
which distinguishes striated fibre from smooth. 

(12. There is in the secreting cells of the pancreas of the guinea-pig | 
and rabbit a remarkable concentration of Hotassium compounds in that — 
portion of the granular zone immediately adjacent to the lumen, while 
the remainder of the cytoplasm i is free from them. 

13. There are organisms which manifest a distinct capacity to 
absorb potassium and amongst them is one, parasitic on Spirogyra, 
whose mycelial threads exhibit kaliophilism in a special degree. — 


PLATES I AND II. 


Note.—The orange-yellow in the Figures represents the distributing of the triple salt, 
the black the cobaltous sulphide reaction of the same. — | 
_ Fig. 1. Protococcoid forms growing on sandstone. In a the potassium occurs in a large 
granule in each cell, but in b each cell contains several potassium-holding granules, 

and in one is.an irregular mass in which there is shown a diffused trace of potassium. 

x 1000. 

Fig. 2. Tolypothriz sp., showing potassium present in the granules and in the peripheral 
zone, the ‘central body” being free from it. #y. One of the colle seem on the flat or end 
surface. x 1360. 

Fig. 38. Tolypothrix sp. (different from preceding). a ee 
the others represented as in superficial view. x 1360. ae a 

Fig. 4. Bacillus subtilis. x 1860. 

x 
Fig. 6. Mycelial threads from the stem of Agaricus sp. x 680. 

Figs. 7 and 8. Two different species of Spirogyra, prepared from normal and actively 
growing cultures. x 500. 

Fig. 9. Spirogyra sp. Preparation from culture kept for several days in the laboratory 
and more or less in an abnormal condition (i.¢., of partial plasmolysis). The potassium 

_ Row occurs only at points on the chromatophor bands, «x 500. 

Fig. 10. A fragment of a chromatophor in the same preparation from which Fig. 9 was 

drawn. In this potassium is found localized in the neighbourhood of some of the 

pyrenoids, x 1000. 


Fig. 11. ‘Spirogyra sp. (as in Fig. 8) in a partially plasmolysed condition. The chroma- 


tophor bands are displaced and the potassium is found only at points on andin their _ 


course, sometimes in the immediate neighbourhood of pyrenoid bodies. 
Fig. 12. Spirogyra sp., Zygospore. The view ‘represented shows the distribution of 
almost wholly under the membrane, yet in the cytoplasm. x 500. 
13 outline of Spirogyra sp., showing the occurrence of 
& parasite (? Chytridi- 


Fig. 14. Intracellular filament of same te 
parasi showing ite kaliopilona character 
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i i Epithemioid diatom. The potassium besides being irregularly distributed is 
found also in parallel arrangement under the test. x 680. 

Fig. 16. Germinating spores of Equisetum arvense, a, earlier, b later stage. In both the 
potassium seems to diffuse in advance of the cytoplasm which forms the primary root- 
hair. x 250. 

Fig. 17. a, ¢ and d cells from the mesophyllous layer of the Easter lily, the nucleus with 
a faint pink reaction. 5, collection of chlorophyll corpuscles from a cell which was 
subjected to the action of the reagent for so short a period a4 three minutes only, in 
order that they should be preserved intact for observation. x 680. 

Fig. 18. Surface view of leaf of Tulipa sp. a, cells on a level with the stomatic cells 
but below the cuticular elements. x 1000. 

Fig. 19. Mesophyllum of Lilium Harrisii, showing the potassium in connection, not only 
with the scanty protoplasm, but also with the cell walls. x 600. 

Fig. 20. Mesophyllum of L. Harrisii, «cell — starch granules but a smaller 
quantity of potassium. «x 600. 

Fig. 21. Pollen grain of Tulip. x 680. 

Figs. 22 and 28. Corpuscles of frog’s blood. Fig. 22 white (?fasiform) corpuscle, 
Fig. 22 red corpuscles. In all the nuclei are free from potassium. «x 1000, 

Fig. 24. Bladder epithelium of frog, optical section of the cells. 0, a cell, of a type 

found, in which the cytoplasm was rich in potassium. «x 680. 

Fig. 25. Cells from intestinal mucosa, frog. The potassium is shown on the periphery 
of each cell, not in the intercellular spaces, which appear free from it. x 680. 

Fig. 26. Cells from the intestinal mucosa of Oniscus. n, nucleus, an ne es 
is in a plane through the nuclei of the cells, x 840. 

Fig. 27. Groups of cells from xiphioid cartilage of the frog. The intel to ets 
preparation was free from potassium salts. The distribution of the latter is indicated — 
by the orange-yellow triple galt reaction. x 250. 

Fig. 28. Smooth muscle fibres, frog’s bladder. A faint reaction obtains in their cytoplasm. 
a, @ superficial view of a portion of a fibre, x 680. 

Fig. 29. a—e. Portions of muscle fibres, gastrocnemius, frog. In a the nucleus is free 


from potassium. aand b, x 1400, ¢, x 1880. 
Fig. 30. Muscle fibrils. Wing muscles of scavenger beetle. a, resting, b, contracted. 
x 1380. 


Fig. 31. Retina of frog. a, cone, free from potassium. 5b and c¢, lateral views of rods, 
d, end views of the rods, the substance of which gives a faint diffuse reaction for 
potassium. The potassium-holding particles which occur in } and c are shown in d 
to be between the rods. x 680. 

Fig. 32. Retina of frog. a, element of the nuclear layer with peculiar potassium- 
holding arborescences on its surface. b, superficial view of rod with potassium in 
minute elongated granules, regularly disposed. c, optical section of a rod showing the 
occurrence of potassium at definite points and along definite lines. x 680. 

Fig. 83 a and 6, Acini of pancreas, guinea-pig, showing potassium limited to the 
neighbourhood of the lumina, and to a portion of the intercellular walls. x 1380. 

Fig. 34. Nerve fibres, rat; a, showing the orange-yellow triple salt reaction at the node 
of Ranvier and also in a mass in the sheath adjacent to the fibre (axon) at an inter- 

- mediate point, 5, a portion of a nerve fibre showing the triple salt reaction in a not 
unusual distribution in the medulla, «x 680. 

Fig. 35. Nerve fibres, frog. a and b showing potassium-holding material at a node of 
Ranvier (r) as well as in the sheath immediately under the neurilemma, the free 
portion of the axon (n) showing absolutely no reaction. 
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Fig. 36. Nerve fibres, frog. In a the potassium is on the periphery of the axon (as at r 
and i) and in small masses in the medulla, The large aggregation of potassium-holding 
material at i is at a point remote from a node of Ranvier. x 680. 

Fig. 87. Nerve fibre, frog. The potassium-holding material distributed along the surface 
of the axon for some distance on each side of the node of Ranvier and also in the 

_ neurokeratin framework of the sheath. 680. 

Fig. 88. a—c. Nerve fibres, frog, giving surface view showing the neurokeratin frame- 
‘work of sheath infiltrated with potassium salts as irregular potassium-holding patches 
and aggregations of material situated in the sheath. x 680. 

Fig. 89. a—b. Nerve fibres, rat. in b the material of Prommann’s rings (outaide or on 
the periphery of the axon) is rich in potassium. x 680, 

Fig. 40. Serve Alcs, guines-tla, showing the peipberal portions of the isbrications of 
Lantermann to be seit with potassium. «x 680. 
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_ON THE RELATION OF ENTEROKINASE TO TRYPSIN. 
By W. M. BAYLISS anp ERNEST H. STARLING. 


(From the Physiological Laboratory, University College,.London.) 


At the present time two views are held by physiologists as to the 
relation of enterokinase to trypsin. According to Pawlow entero- 
kinase is a ferment, and acts on the trypsinogen in the pancreatic juice, 
converting this into a third substance, trypsin, the active proteolytic 
ferment of the juice in the intestine. Délézenne and Dastre, on the 
other hand, regard the nature of the interaction between enterokinase 
and trypsinogen as analogous to that which exists between the anti- 
body or “amboceptor ” and the complement, the action of the entero- 
kinase being to link the trypsinogen on to the proteid molecule. 
According to this view therefore there is no such body as trypsin, 
every so-called solution of trypsin consisting of a mixture or combina- 
tion of the two bodies enterokinase and trypsinogen. In this mixture 
the trypsinogen would correspond to a “complement,” or amboceptor, 
while the enterokinase would be analogous to an “immune body.” 

In a previous paper’ we brought forward evidence, founded mainly 
on the time relations of the action of enterokinase on trypsinogen, in 
favour of Pawlow’s view, and evidence in the same direction has also 
been furnished by the experiments of Hamburger and Hekma’®. In 
that paper we pointed out that there was no definite quantitative 
relationship between the amount of enterokinase and the amount of 
- trypsinogen it was able to activate, minimal amounts of the entero- 
kinase being able to activate any quantity of inactive pancreatic juice 
if only sufficient time were allowed for the reaction. 

We showed, moreover, that the activating power of an activated 
pancreatic juice on further portions of juice was directly proportional 
to the amount of enterokinase it originally contained. We found, 
namely, that if a juice were activated by the addition of ;j, its bulk of 
enterokinase solution, ;4, part of the mixture would have the same 

1 This Journal, xxx. p. 61. 1904. | 
2 Arch, f. Physiol. 1904, p. 848. 
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activating effect on a fresh portion of pancreatic juice as would be 
possessed by ;4° part of the enterokinase originally added to the first 
solution. This fact shows that enterokinase is not destroyed in the 
process of activation of pancreatic juice, and that it is not so firmly 
bound to the trypsinogen as to be unable to activate a fresh portion of 
trypsinogen. It seemed to us therefore that a further experimental © 
test might be applied in order to decide between the two opposing views. 
In the paper above quoted we mentioned the difficulty we had of 
judging of the continued presence of enterokinase or trypsinogen as 
distinguished from trypsin in a solution. The only point of difference 
between trypsin and trypsinogen is their reaction to temperature, 
trypsin being destroyed at a lower temperature than trypsinogen. The 
difference, however, is not sufficiently great to enable us to draw any 
very definite conclusions as to the nature of the substances contained 
in an activated juice. In the absence of a chemical or physical test 
which might enable us to identify any of these three bodies in solution 
we have had recourse to the power possessed by the body of dis- — 
tinguishing minutely between different substances of the nature of 
_ proteids or ferments, namely, its power of producing an antibody of 
any substance belonging to these classes which is injected subcutane- 
ously or into the peritoneal cavity. 7 : 

It is well known that normal serum possesses an antitryptic 
quality, which not only preserves the serum from digestion by an 
active pancreatic juice, but also hinders the action of trypsin when added 
- to @ mixture containing trypsin and a digestible proteid. The anti- 
trypsin in this case has been shown by Cathcart? to be attached to 
_ the albumen fraction of the proteids of the serum. We may therefore 
say that normal serum contains an antitrypsin. On the theory of 
Dastre and Délézenne, however, there being no such substance as 
trypsin, no such substance as antitrypsin can exist, and the so-called 
antitrypsin of serum must be either antikinase, antitrypsinogen, or 
a mixture of both substances. Délézenne adopts the view that the 
antitrypsin of serum is really an antikinase, and it was with a view 
to testing this hypothesis that this present series of experiments was 
carried out. If the antitrypsin of serum is really antikinase we should 
expect by injecting enterokinase into an animal’to increase the 
antikinasic value of its serum and therefore its antitryptic power. If, 
on the other hand, as we suppose, enterokinase is not a necessary _ 


? This Jowrnal, xxx1. p. 497. 1904, 
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constituent of trypsin but has finished its work with the production of 


trypsin from trypsinogen, an antiserum produced by the injection of 


_enterokinase would have no special inhibiting effect on the action 


of trypsin, but would only be effective if added to a mixture of 
trypsinogen and enterokinase before the latter has had time to act upon 
the trypsinogen. That is to say, on the Pawlow view we may have both 
antitrypsin and antikinase, whereas on Délézenne’s view the two 
substances must be identical and any increase of antikinasic power 
must involve a corresponding increase in the antitryptic power. 

_ Eaperimental methods. Yor the preparation of an antikinasic serum 
10 or 12 cc. of a strong solution of enterokinase, made as we have 
already described’, and sterilized by filtration through a Berkefeld filter, 
were injected subcutaneously into a rabbit. A week later the rabbit 


— received a second dose, and three days later a third dose of the same 


volume. A week after the last injection the animal was killed by 
bleeding into a sterile flask and the serum allowed to separate. At 
the same time a normal rabbit was killed and its serum collected to 
serve as a control. : 
With these two sera three sets of experiments were made. In the 
first set the enterokinase was added to the pancreatic juice, allowed to 
stand for half an hour for the conversion of trypsinogen into trypsin 
to take place, and the serum was then added. In the second set the 
serum was added to a solution of enterokinase, allowed to stand for half an 
hour, and the two then added toa given volume of fresh pancreatic juice. 
In the third set of experiments the actions of the two sera were compared 
on the digestive powers of a solution of Griibler’s trypsin. In each 
series a control experiment was also made, using normal salt solution 
instead of serum. The results of these experiments are given below. 
June 23, 1904. Pancreatic juice obtained from a dog by injection of secretin, and 
mixed with an equal volume of 2%/, NaF. This mixture is spoken of throughout the 
experiments as pancreatic juice or simply ‘juice.’ The following mixtures were made: 
8 ¢.¢. juice + 0°1 enterokinase, 30 mins. at 38°C., then added 1 c.c. normal 
serum. 

Same mixture, 30 mins. at 38° C., then added 1 c.c. antikinasic serum. 

Same mixture, 30 mins. at 38°C., then added 1 ¢.c. normal saline solution. 


0-1 ¢.c. enterokinase + normal serum, 30 mins. at 38°C., then added 
juice. 

0°1¢.c, enterokinase +1 ¢.c. antikinasic serum, 30 mins. at 38°C., then added 
3 ¢.¢. juice, | 

0°1 ¢.c. enterokinase + 1¢.c. saline, 30 mins. at 38° 0., then added 3 c.c. juice, 


pp Peer 


1 This Journal, xxx. p. 80. 1904. 
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O,. 5¢.c. 1%, Gribler’s trypsin normal serum. 
C,. 


C,. » normal serum. 


All the mixtures were cooled to room temperature, gelatin tubes (18 to 20 mm. long) 
were inserted and left at room temperature (about 18°C.) for 24 hrs. : 


The amount of digestion, in millimetres, at the end of this time was as follows : 


Serum + Activated juice ‘Serum + Enterokinase Serum + Trypsin 
A,. All (more than 9) By. 8 
A, All By Al 


It will be seen from these experiments that whereas both sera have 
a slight, and almost equal, inhibitory power on the action both of 
activated pancreatic juice, and of trypsin on the gelatin tubes, there 
is a marked difference in their effects on the enterokinase. When 
added to the latter body, before the mixture is added to the pancreatic 
juice, the antikinase serum diminishes or stops altogether the acti- 
vating power of the enterokinase, whereas the normal serum has very 
little effect. 


_ This result is perfectly natural on the hypothesis that enterokinase — 


acts as a ferment converting trypsinogen into trypsin. It is evident 
that if the antiferment be added to the mixture after the conversion 
is far advanced, it will not inhibit the digestive powers of the product 


of the reaction, namely, trypsin. If, on the other hand, the digestive 


power of trypsin is due simply to the coexistence in it and the co- 
operation of the two bodies enterokinase and trypsinogen, any increase 
in the antikinasic power of the serum should be accompanied with 
@ corresponding increase in its antitryptic power, and it should be 
a matter of indifference to the result whether the antiserum be added 
to the enterokinase first, or to the mixture of enterokinase and pan- 


creatic juice. It has been objected to our experiments that we might — 


conceivably imagine that the antikinase serum, though active in 
neutralising enterokinase when added to it alone, would be ineffectual 
when added to a solution containing enterokinase in combination with 
trypsinogen. That this objection is groundless is shown by the fact 
mentioned above, viz. that enterokinase can be still detected in an 
activated pancreatic juice, by its power of activating fresh portions of 
juice. Moreover, normal serum is acknowledged to possess an anti- 
digestive power on trypsin or on activated juice. This power is 
ascribed by Délézenne to the existence in the serum of antikinase. 
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_ entire independence between the antikinasic and antitryptic powers of 


ascribe the formation of antitrypsin in serum to the slight entry of 


ments on three rabbits, injecting one with enterokinase, the second with 


- substance, as in the experiment related earlier in the paper. A week 
after the last injection all three animals were killed, together with 
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Any increase in the antikinase present, such as is attained by the 
injection of enterokinase, ought therefore to increase the antitryptic 
power of the serum; such however is not the case. There seems to be 


any given serum. 
The fact that normal serum contains an antitrypsin does uot exclude 
the possibility of its containing also an antikinase. Since we must 


trypsin from the alimentary canal into the circulating blood, it would 
be only natural to imagine that there would be a similar slight leakage 
of enterokinase from the intestinal cavity, and any such leakage into 
the blood-stream would cause the formation of antikinase in the serum. 
The following observations show that normal serum may at times 
possess antikinasic in addition to antitryptic qualities. Antikinase is 
not, however, a constant constituent of the blood serum, and in many of 
our experiments normal serum had no more influence on enterokinase 
than a corresponding quantity of normal salt solution. 


The following mixtures were made. (The enterokinase solution was rather weaker 
than in the first experiment.) 
A. 8.6, pancreatic juice + 10.c. enterokinase allowed to stand at 20° C. for 1 hour, 
then added 2c,c. normal serum. 
B. 1 ¢.¢, enterokinasé + 2¢.c. normal serum, 1 hour at 20° C., then added 3 c.c. pan- 
creatic juice. | ; 
C. 84.0, of 2°, solution of trypsin (Griibler’s) + 2 c.c. normal serum. 
D. 8 c.¢. of solution of trypsin + 2 ¢.c. normal saline. 
Gelatin tubes added to all and left overnight. 
The next morning the following amounts were digested : 
A. All (more than 11). B. 1 mm. CG. All. D. All. 


It occurred to us as a possibility that the antitryptic power of serum 
might be explained as due to a coexistence in this fluid of two anti- 
bodies, namely, antikinase and antitrypsinogen, and that the failure to 
affect fully formed trypsin by the addition of antikinase might be 
determined by the fact that we were only adding an antibody to one- 
half the molecule. Such a view would introduce a somewhat new 
phenomenon, and would be difficult to picture according to the pre- 
vailing ideas on the interaction’ of immune bodies and complements ne 
with their antibodies. To test this view we made a series of experi- 


inactive pancreatic juice containing trypsinogen, and the third with 
solutions of Merck’s trypsin. Three injections were given of each 
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a control rabbit, and their blood sera collected. A series of experiments 
‘ conducted with these sera is given below. 


Series A. ? Antibody to “trypsin.” 
(1) Juice 8 c.c, + enterokinase 1 ¢.c., 80 mins, at 30°C., then + 2c.c. normal serum. 


(2) pa »  2¢.¢. “antikinase” serum. 
(3) »  2¢.c. “antitryptic” serum. 
(4) ” ” 20.6. antitrypsinogen 
serum, 
(5) » 26.6. normal saline. 
Gelatin tubes added to all. , 


Next morning amounts of digestion were as follows : 

A,. All. A,. 8mm. A,. All. A,. 5°5. A,. All. 

In this case the serum from the fabbit treated by injections of inactive juice had the 
strongest retarding effect on the digestion. The injections of the juice had in contradis- 
tinction to the other injections excited a certain amount of local necrosis, and it seemed 
possible that the juice had slowly undergone activation in the tissues and had really 
produced an antitryptic serum. This view received some confirmation by the comparison 
of the retarding action of the various sera on the digestive power of solutions of Griibler’s 
trypsin. The two following series of experiments show that the “‘antitrypsinogen” serum 
had no special neutralising or ‘anti’ Se ee 


Series B. ? Antibody to enterokinase. 
(1) Enterokinase 2c.c. + 2¢.c. normal serum. 


(2) + “‘antikinase” serum. 

(3) » + 26.c. antitryptic” serum. 

(4) » + “antitrypsinogen” serum. 
(5) » + 26.c. normal saline. 


All warmed for 10 mins, -to 40°C. and then 8 joie ond gelatin tbes 
added to each. 


Digestion on following day : 7 | 
(1) All(morethan 14). (2) 6. (8) All. (4) All. (5) All digested. 
Series O. ? Antibody to trypsinogen. | 
2 Pancreatic juice 3 c.c, + 2¢.¢. normal serum. 


” » + 206.0, “antikinase” serum. 
(8) » + 26.c. “antitryptic” serum. 
(4) » “antitrypsinogen” serum. 
(5) » + 20¢.¢. normal saline, 


All warmed to 40° 0. for 10 mins,, SS 
added to each. 


Digestion 20 hours later : : 

(1) All (more than 11). (2) 46mm, (8) Al. (4) 10. = (5) All. 
Series D. ? Antibody to “trypsin” (Griibler’s). 

8 of 2°/, trypsin (in 1°/, NaF) + normal serum. 


” ” ” + 2.c. ‘‘antikinase” serum. 
(3) + 2¢.¢, “antitryptic” serum. 
(4) + 2¢.c. “antitrypsinogen” serum. 
» + 2¢.¢. normal saline. 


(8) & (4) All (more than 10 mm.). 
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It will be seen that whereas in this series the antikinasic serum > 
acted as-in the first experiment described, we entirely failed to procure 
any antibody to trypsinogen. It will be noticed, moreover, that the — 
serum from the animal treated with injections of trypsin was very little, 
if at all, superior in its antitryptic qualities to normal serum; and we 
came to the conclusion that our injections were too small, in comparison 
with the normal absorption of trypsin from the intestine, to have had 
any appreciable result on the animal. The failure to produce an anti- 
trypsinogen by the injection of pancreatic juice in large quantities, 
shows that antitrypsin cannot be regarded as consisting of a mixture 
of antienterokinase and antitrypsinogen. 

These results therefore tend only to confirm the view put forward 


by Pawlow and sustained by us, namely, that trypsin is not a mixture | 


of two substances, but is a specific single substance furmed by the action — 
of a ferment, enterokinase, on a precursor or prozymin, trypsinogen. 

In a recent paper by Dastre and Stassano! these observers have 
collected together a number of experiments, some of which they had 
previously published, in favour of the view that trypsin is merely 
a mixture (or rather combination) of trypsinogen and enterokinase, In 
this paper they study the effects of different proportions of enterokinase — 
on trypsinogen, and point out that there is an optimum amount of 
enterokinase which must be added to a given quantity of trypsinogen 
in order to evoke its full action, and, representing their results in the 
form of curves, speak of the “plateau” which represents this optimum 
amount. It is remarkable that these observers, in trying to come to 
a conclusion as to the reputed ferment-like action of enterokinase, take 
no account at all of the time-relations of the activation. It is evident 
that when enterokinase is added to trypsinogen and produces a substance, 
trypsin, which rapidly undergoes auto-destruction, the optimum amount 
of trypsinogen will be that which converts, within a few minutes, the 
whole of the trypsinogen into trypsin. Anything below this amount 
will convert, as we showed, the trypsinogen more gradually, so. that 
there is time for the ready formed trypsin to be destroyed, while fresh 
amounts of trypsin are being formed from trypsinogen. One might 
indeed prophesy from the Pawlow theory that such curves as those given 
by Dastre and Stassano would be obtained. On the other hand they 
distinctly state that they took no account of the small initial variations 
in the development of tryptic power, variations which are of all 
a in deciding the question at issue. One set of experiments 


1 Archives internationales de Physiologie, 1. p. 86. 1904. 
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which they quote without attempting to give an explanation furnishes 
_ in fact stropg support to the Pawlow view. They show, namely, that 
dilution of the whole mixture shifts the plateau upwards, a result we 
should expect from the dilution of the ferment enterokinase, and the 
consequent retardation of its action. If before the dilution toth of ac.c. 
was sufficient to rapidly activate 10c.c. of pancreatic juice, it is evident 
that after dilution some of the trypsin formed would have time to be 
destroyed before the rest of the trypsinogen was converted, and more 
eriterokinase would therefore have to be added before the optimum 
activity of the activated juice was attained. 

These observers also investigated the antitryptic power of intestinal 
worms, which was first described by Weinland, and attributed by him — 
to the presence of an antitrypsin. Dastre and Stassano give experi- 
ments to show that the extract of the worms contains not anti- 
trypsin but antikinase, and some of their experiments certainly present 
similarities to the observations recorded in this paper on antikinase 
serum. The results, however, on intestinal worms do not affect the 
main question at issue, namely, as to the nature of the interaction 
between enterokinase and trypsinogen, and we propose therefore to 
deal with the question of the protection of intestinal worms against the 
digestive action of the intestinal juices in a subsequent paper. 


SUMMARY OF RESULTS. 


1. Normal rabbit's serum, besides known qualities, 
may sometimes possess the poet of neutralising or morronoe entero- 
kinase. 


2. This power when absent may be always evoked by the repeated — 
injection of solutions of enterokinase either subcutaneously or iptra- 
peritoneally. 

3. The production of an “antikinase” in the serum does not 
increase the antitryptic powers of the serum. __ 

4. Injections of trypsinogen subcutaneously do not give rise to the 
production of any “antitrypsinogen” in the blood serum. 

5, The antitryptic qualities of normal serum are therefore not due, — 
as stated by Délézenne, to the presence of antikinase. 

6. There is no evidence that a solution of trypsin is equivalent to 
a combination of kinase and trypsinogen. Trypsin is a new substance, 
differing from trypsinogen, and produced from the latter by the ferment-_ 
like action of euterokinase. There is no evidence that the enterokinase 
is essential to or takes any part in the proteolytic activities of trypsin. 
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THE PHYSIOLOGICAL EFFECTS OF PEPTONE AND 
ALLIED PRODUCTS. PART VI. The Metabolism of 
Arginin. By W. H. THOMPSON, M_D., Sc.D. 


CONTENTS. 
Methods . p. 137. 
Results of Hypodermic Injection of 
The Urea-Nitrogen Quotient during p- 142. 
The Nitrogen of the Faces 


(OF the following experiments one was performed in the Pharmako- © 
logisches Institut, Marburg, one in the Physivlogical Laboratory, Queen’s 
College, Belfast, and one in the Physiological Department, Trinity 
College, Dublin. To Prof. A. Kossel I am much indebted for the sub- 
stance employed in all and for valuable assistance in the work; to 
Prof. H. Meyer for kind permission to conduct one of the experiments 


in bis laboratory. ) 


_ In previous experiments I had ascertained that arginin, in the form 
of a neutral solution of its carbonate, may be injected into the circula- 
tion of a dog without producing harmful, or indeed any pronounced 
effects’, It proved inert as regards blood pressure and had no immediate 
influence on urinary secretion, beyond that which could be attributed to 
the amount of fluid injected. In the following experiments arginin was 
administered to dogs, both hypodermically and with their food, the 
object being to observe in what form it reappeared in the excreta, and 
also what effects it might produce on nitrogenous metabolism. 2 

When submitted to the action of barium hydrate, arginin, as is well 
known, readily undergoes hydrolytic cleavage, yielding urea and ornithin 
(diamido-valerianic acid), half of the arginin nitrogen appearing as urea 


and half as ornithin. Or by weight from 192 parts arginin and water, — 


1 Zeitschr. f. physiol. Chemie, xxix. 8. 15. 1900. _ 
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60 parts appear as urea aud 132 parts as ornithin. It was to be expected 
therefore that if metabolised in the animal body, at least part would be 
transformed into urea and be excreted as such in the urine. : 

In carrying out the experiments, the animals were brought into 
nitrogenous equilibrium. The diet consisted of lean minced beef, dried 
bread crumb, and lard. Arginin was then added to the food for one or 
more days. After this, the former diet was continued and when the out- 
put of nitrogen had returned approximately to its previous level, the 
substance was given by hypodermic injection. Each animal was thus 
employed for a feeding and a hypodermic experiment. In all, three 
experiments of each kind were carried out. In two cases the arginin 
feeding preceded the hypodermic injection, in one the reverse order was 
followed. 


THE EFFECTS OF ARGININ FEEDING. 


In two of the following experiments the arginin carbonate was 
dissolved in physiological solution of sodium chloride, the mixture then 
neutralised with hydrochloric acid and added to the food. In experiment 3, 
the arginin carbonate was mixed as such with the food, and given on 
three successive days. The following is a short summary of the results 
in each case. Column I. gives the average output of nitrogen in 
grammes, before the administration, column II. during feeding period, 
and column IIL the same after the arginin was stopped. Column IV. 
_ gives the nitrogen equivalent of the arginin administered. 

The following table gives a short summary of the results in each case. 
In column I. the average output of nitrogen in the urine before the 
administration is given (a) as total nitrogen, (b) as urea. Columns II. 
and III. give the same for the feeding period and after-period respect- 
ively. Column IV. represents the nitrogen-equivalent of the arginin 
administered. | 


Taste A. Showing the effects of Arginin feeding. 


I. (Before) II. (During) Itt. (After) IV. Dose 
Total Urea-N TotalN Urea-N Total N Urea-N _—_Arginin-N 
Exp. 1. 3°5560 38-059 4°3680 3°808 8°6050 38-087 0-932 


Exp.2. 27210 2°1650 33880 2°660 29680 2282 . 0-840 
Exp.3. 29820  2°6361 36668 32783 82760 2-891 0°7551 
per day for 
: 3 days, 
N.B, In column I. the figures for Exp, 1 represent averages of 4 days, for Exp. 2 
averages of 3 days, for Exp. 3, averages of 6 days. In column II. Exp. 8,the figures are 
averages of 8 days. 
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It will be seen that in all three experiments there was a marked 
increase in the excretion of urinary nitrogen during the feeding period, 
and that this did not subside immediately after the arginin was stopped. 
As will be seen also the greater part of the increase was due to a form- 
ation of urea. 

In Exps. 1 and 2 the arginin was given for one day only. In the first 
of these the increased output of nitrogen for the day of feeding and day 
after amounted to 0°8610 grm. Of this 0°757 grm. appeared as urea, 
while the total arginin-N administered was 0-932 grm. That is to say, 
within the period of observation 81°2°/, of the arginin nitrogen came out 
in the urine as urea. 

In Exp. 2 the output of total nitrogen for the two days was increased 
by 0°864 grm. Of this 0°612 grm. came out as urea, the nitrogen of 
the arginin administered being 0°84 grm. Thus 72°86°/, of the latter 
reappeared in the urine as urea. 

In Exp. 3 the feeding period extended over sheet days, and the 
figures given for this experiment in column II. represent the mean 
output for this period. Here also the nitrogen output remained 


distinctly above the normal for one day after the arginin was stopped. 


During the three days of feeding, there was a total excess of nitrogen 
amounting to 2°0229 grms. to which must be added 0°2940 grm. for the 
day following, making in all 23169 grms. The urea excess for the feeding _ 
period amounted to 1°9266 grms. and for the day after 0°2549 grm., in 
all 21815 grms. The total arginin administered during the three days 


- contained 2°2653 grms. More total nitrogen was therefore excreted in 


the observation period than could have come from the arginin, while 
96°31 °/, of the arginin nitrogen reappeared as urea. Hence it must 
be concluded that the substance, in addition to forming urea, has 
a stimulating effect upon proteid metabolism. The animals’ weight — 
also slightly declined during the feeding period. 

In two of the experiments observations were made on the excretion 
phosphates. These showed a moderate increase during the administration 
of arginin in both cases. Thus in Exp. 2 the average daily output 
previous to the feeding was 0°395 yrm. total phosphates. On the day of 
feeding this rose tu 0°4350 grm. In Exp. 3 the corresponding figures 
were 0°4737 and 0°5458 grm. respectively. 

_ The urine was not analysed for the presence of ornithin. It is 
hardly conceivable from the foregoing results that this substance could 


_ have been present in appreciable amount. These distinctly indicate 


that a much larger proportion of arginin is ultimately transformed into 
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urea in the animal body than has been obtained by hydrolytic cleavage 
in the laboratory. 

_ Since the foregoing experiments were carried out, Kossel and 
Dakin’ have succeeded in extracting a ferment from the liver which 
splits arginin into urea and ornithin. The highest proportion of urea 
obtained by them amounted tw 40°/, by weight of the arginin employed, 
the digestion having been allowed to continue for twelve days. Com-— 
paring these results with my own, it seems probable that in the 
metabolism of arginin in the animal body the ornithin residue is 
likewise converted in large part into urea. 


RESULTS OF HYPODERMIC INJECTION OF ARGININ. 


The following table gives a short summary of the effects produced 

by hypodermic injection of arginin solutions. In all cases the carbonate 

was employed and the solution almost neutralised with hydrochloric acid. 

_ The precaution of sterilising the solution before injection was also 

observed. The table is constructed in the same way as table A. 

Column I, represents the excretion of total urinary nitrogen and of 
urea, nitrogen before the injection of arginin. Columns II. and III. give 
the same for the day of injection and day’after. Column IV. gives the 

nitrogen of the arginin injected. 


I. (Before) IL. (Injection) III. (After) IV. 
a a 
TotalN TotalN TotalN Urea-N Arginin-N 
Exp.1. 985560 38-0590 48010 4°208 41720 38-542 1:1648 
Exp.2. 27210 21650 $8500 93°101 2884 2170 0-840 


Exp.3. 28780 25875 $3180 28680 38-0875 2744 0-6883 


N.B. In column L. the figures for Exp. 1 represent averages of 4 days, for Exp. 2 
averages of 8 days before any arginin was administered. Those for Exp. 8 are averages of 
2 days, after the feeding, and immediately preceding the injection. 


The hypodermic injection of arginin in all three experiments gave 
rise to a marked increase in the excretion of urinary nitrogen on the 
day of experiment. This was continued to a much less degree on the 
day following. In Exp. 1 the excess of nitrogen for the two days 
amounted to 1:8610 grms., of which urea accounted for 1-722 grms, In 
this case the arginin given contained 1°1648 grms. nitrogen. In Exp. 2 
the total nitrogen excess for the same period was 1'292 grms. and of 


* Kosseland Dakin. Zeitschr. f. physiol. Chemie, x1a., p. 829. 1904. 
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urea nitrogen 0941 grm. The arginin given contained 0:84 grm. nitro- 
gen. The corresponding quantities for Exp. 3 were: total N excess 
0°6595 grm., urea excess 0°5325 grm. nitrogen, arginin given 0°6883 grm. 
nitrogen. 

In Exps. 1 and 2 more urea was excreted than could have been 
- derived from the arginin employed. From the figures given in the table 


. this does not seem to have been the case in Exp. 3. But in this 


experiment the output of nitrogen remained above the normal for 
two days instead of one, after the injection. If this be taken account 
of, then the excess of total nitrogen for the three days (including day of 
experiment) amounts to 08805 grm. and of urea to 07725 grm. as 
against an injection of 0°6883 grm. of arginin nitrogen. It is I think 
quite legitimate in Exp, 3 to make this inclusion, because, apart from 


the fact that dogs may react differently in regard to the rate with which 


they excrete a substance (such as arginin) administered hypodermically, it 
should be mentioned that the injection in this case was made later on 
the day of experiment than in the previous cases. 

Apparently therefore, with hypodermic injection of arginin as .with 
feeding, practically the whole of the substance is converted into urea in 
the animal body. The results also support the hypothesis that arginin 
acts as a metabolic stimulant. It seemed not unlikely however that the 
effects of the solvent employed might also account in part for the output 
of nitrogen beyond that contained in the arginin injected. Control 
experiments were therefore performed on two of the dogs, namely those 
employed in Exps. 2 and 3. In one of these dogs, the effects in this 
respect of 0'9°/, NaCl and also of L°/, sodium acetate were observed. In 
the other the effects of 0°9°/, NaCl. The following table shows the 
results, columns I. II. and III. giving the same values as in previous 
tables, The quantity of fluid injected in each case was 25 c.c. 


‘Taste C. Showing the effecte of Hypodermic Injections of salt solutions 
upon the excretion of Urinary Nitrogen. — 


I, IL. 
Total N  Urea-N Total N Urea-N Total N Urea- 


Exp. 2 (a). NaCl 25920 19160 26530 1-981 26320 1°8900 
Exp. 2 (b). NaC,H,O, 2°6320  1°8900 83600 30038) 8 2-807 2-023 
Exp.8. NaCl 8024 2-667 2968 2-632 2947 2-640 


Sodium acetate, in the single case in which it was employed, caused 
a marked rise in the excretion of urinary nitrogen. But this result 
hardly bears upon the present investigation. The effects of sodium 


y 
i 
BAY 
: 
ye 
#3 
A 
¥ 
4 
‘ 
i 
4 
"3 
4 
q 
A 
x 
| 
i 
4 
q 
> 
a 
- 


142 | W. H. THOMPSON. 


chloride solution were much less marked and differed in the two 
experiments. In the one a slight increase was caused, in the other a 
very slight effect in the opposite direction. 

The solvent per se in the quantities used cannot therefore be held 
to account for the excess of nitrogen output above that contained in the 


arginin employed. The conclusion consequently seems fully justified - 


that this excess must be due to the fact that arginin distinctly promotes 
nitrogenous metabolism both when hypodermically injected, and also 
to a less — when given per os. 


THE UREA-NITROGEN QUOTIENT. 


Assuming that arginin in the animal body is mainly converted into 
urea one would expect that when administered as in the foregoing 
experiments, the proportion which the urea bears to the total nitrogen 


_ of the urine would be relatively increased. Accordingly this proportion 


was calculated for each of the experiments : 
(a) when the animal was on normal diet, 
(b) when arginin was added thereto, and 
(c) when arginin was injected under the skin. 
The following table gives the percentage of urea wana to totel 
nitrogen in each case: 


Normal Feeding Injection 
Exp.1, 86-02 89°47 89°52 
Exp. 2. 79°56 79°69 80°54 
Exp. 3. 88-40 89°66 86-28 


On the whole there was therefore a slight rise in the urea quotient 
during the administration of arginin. This applies to all of the feeding 
experiments and also to two of the injection experiments. The injection 
in Exp. 3 appears to be an exception, but it should be borne in mind 
that in this case, as explained before, the whole of the arginin did not — 
come out in the urine of the day of experiment. More of it remained 
to be excreted on the following day than in previous experiments, and 
this has not been taken account of in the above calculations. 


THE NITROGEN OF THE FACES. 


| In Exp. 3 an analysis of the fmces was carried out to determine 
whether any appreciable quantity of the arginin escaped absorption in 
the alimentary canal. The faces of four periods were collected ~ 
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pater in the recognised way. The first period was that before the 
administration of arginin, the second when the substance was given with 
the food, the third included the day of subcutaneous injection, and the 
fourth the remaining period of the experiment. The average daily 
excretion of nitrogen in the feces was; 


during the first period, 0°449 grm. 
during the feeding period, 0°409 grm. 
during the third period, 0°388 grm. _ 
during the last period, 0°426 grm. 


It would appear therefore that the absorption of nitrogenous food 
from the alimentary canal was even more complete during the admini- 
stration of arginin than under normal conditions. Consequently it can 
hardly be supposed that any of the substance escaped with the feces. 
_ Analyses of the feeces in Exps. 1 and 2 were not carried out. 


Addendum. HEXONE BASES AND GLYCOSURIA, 


It has been asserted by Miiller and Seeman! as well as by other 
investigators that the sugar which appears in the urine of diabetic 
patients on a purely proteid diet must be derived through the hexone 
bases or other six carbon derivates of proteids, and Cohn* claims that 
feeding rabbits with leucin increases to some extent the glycogen in 
their livers) Halsey* did not find however that feeding with leucin 
increased the sugar of the urine in diabetes, or if so only indirectly. 

In the first of the arginin experiments here recorded the urine after 
hypodermic injection when examined with the polariscope was found to 
have a dextrorotatory action. In a tube of 4 cm. length the mean of six 
readings gave a rotation of + 0°77°. 

It was assumed that the optically active substance was arginin, 
and on calculating the amount contained in the urine of the day 
(made up to 500 c.c.), [ap] being taken as + 25°48° (Lawrow), this 
appeared to be 3°75 grms. It seemed therefore that more than half 
of the arginin injected was excreted unaltered in the urine. An 
attempt was consequently made to recover the substance, the greater 
part of the day’s secretion of urine being employed for this purpose. No 
arginin was discovered however and the remainder of the urine was 


1 Deutsche med. Wochenschr. 1899, s, 209. 

2 Zeitechr. f. physiol. Chemie, xxviii. s. 211. 1899. 

8 Siteungsber. d. Gesellsch. d. Natwissensch. 2. Marburg, 1899, s. 102; also Americ. 
Journ. of Physiol. x. p. 229. 1904. 
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examined for other dextrorotatory substances. In the end it came out 
that the optically active substance proved to be dextrose. Reduction 
was obtained with Trommer’s test, osazone crystals were formed with | 
phenyl hydrazin and acetic acid, and finally fermentation with yeast 
gave positive results. 

In one of my early experiments with arginin in which the whinanee 
was directly injected as carbonate into the circulation, and the urine 
collected from the ureters, the urine likewise gave a dextrorotatory effect. 
The rotation amounted to 0°19° in a tube of 1 cm. length. This was 
taken at the time to mean an excretion of part of the arginin unchanged, 
but the occurrence of dextrose was not then suspected and no steps 
were taken to exclude this possible source of error. I recently repeated 
the experiment, and took the precaution of fermenting the urine with 
yeast before examining with the polarimeter. The result showed that 
the urine was optically inactive. In both these latterexperiments.the . 
animals were anssthetised with ether-chloroform mixture, which of itself 
would account for the presence of some dextrose in the urine. 

The importance of the discovery of dextrose in the u=iae of the first 


| hypodermic and feeding experiments, where the influence of an anzsthetic 


could not have come in, led ‘me to carefully examine the urines in 
both the other similar experiments, but in neither was sugar discovered, 
At most, therefore, one can only say that apparently arginin in some 
cases, when administered hypodermically or with the food, produces 


glycosuria, It must be borne in mind however that even for the one 


case recorded the proof of arginin being the direct cause of the glyco- 
suria is not absolutely complete. It may have been that the solvent 
alone, if injected subcutaneously in this particular animal, would. have 
had a like effect, or it may even have been that the animal had already 
suffered from slight glycosuria, before the experiment was undertaken. 
Neither possibility was 


1, Feeding with arginin as chloride or iahouibi: gives rise to an 


- inerease of nitrogen in the urine, the greater part of which appears as. 


urea, 

2. For every 100 parts nitrogen administered as arginin, the 
amount which reappeared in the form of urea varied between 72°8 and 
96'3°/,. When transformed in the laboratory only half the =“ 
— as ured, the other half as ornithin. — 
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3. In the animal body either ornithin is not formed, or if formed 
is reconverted for the most part into urea. 

4. Much the same effects are obtained when arginin is ad- 
ministered by hypodermic injection except that more nitrogen is excreted — 
_ in the urine than could have come from the arginin given. 

5. The excess of nitrogen does not appear to be caused by the 
solvent employed, consequently one must assume that — stimulates 
nitrogenous metabolism. 

6. The urea-nitrogen quotient (relation of dres-uitroges to total 
nitrogen) is increased during arginin administration. 

7. In one experiment glycosuria followed. the giving of arginin. 
The cause of the glycosuria is not clear. | 


Exp. 1. Dog, weight 76 kgs. Pood, mined fech, 15 gra; dried bead crumb, 
#0 Urine analysis as follows: 


Date in grms. in grms. Weight. 
15. vit. 00. 8-024) » 0°5787 760 
3°5420 2°926 0°5625 7°65 

8°3460 $°122 0°6100 760 
4°8010_ . 4°298 7°62 
20. «(99 4°1729 3 "642 0-4795 7°65 
_Arginin carbonate (0°932 grms. N) mixed with food. 

4°368 3:808 0°6425 7°55 
3°605 8°087 0°6850 7°50 
8°528 2-964 7°200 


Exp. 2. Dog, weight 6-78 kgs, Food, mineed flesh, 75 grma, ; 
_ lard, 30 grms. Analysis of urine as follows: 


2.1. 01. 2-6280 2-107 6-78 
Normal saline 25 injected subcutaneously. 

4.  2°658 1981 6°77 

95 2°632 1°890 6°70 

Bs 8°1605 2°275 “8990 6°65 

2°8385 2-219 “8900 6°62 

10. » 2°8350 2-086 8200 6°62 

2-7930 1°953 “8650 6°58 
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Date — 
12. 1. 01 2°6880) , 2044) 6-64 

99 99 8 Arginin carbonate (0-84 grm. N) given with food. 
15. 33880 2-660 4350 6°62 
as 2-9680 2-282 6°64 
” 9” Arginin carbonate in neutral solution (0°84 grm. N) injected 
90 3°8500 3°101 “3900 6°66 
‘ss 2°8840 3150 6°68 
- 29820 2-359 6-68 

20. ,, 2°7860 2°114 -4150 6°71 
2-8000 2-268 3625 668 


Exp. 8. Dog, weight 7-00 kgs. Food, minced flesh, 75 grms.; bread, 50 grms.; lard, 
30 grms. Urine analysis as follows: 


Date in grms. Weight 
4. xr. 03. 23-9225 2°5410 ) “4375 700 
27020 | > 23695 | > “4825 665 
6. 83-1010 3 a 2-7790 “500 6-62 
2°8805  9°5620 -470 6-60 
3°1500 / 2°7930 / -4975 6°62 
9 99 Arginin carbonate (“7551 grms. N) given with food on this and 
two following days. 
10..,, » 86480), 9185) , "5825 6°58 
12., 89800 3-395 "5675 650 
32760 28910 4575 6°57 
4. ,, » 30800 2-779 “4725 6°55 
1B. 30240 4425 6°55 
Normal sodiuni*chloride solution injected subcutaneously. 
WB. 2-9680 2-682 “4275 6-50 
2-9470 2611 “4725 6-50 q 
2-800 2-464 6°50 
Arginin carbonate in neutral solution (0-6883 grms. N) injected 
19. 33180 2-863 ~4800 6-60 
2. » 30875 2-774 “5000 6-55 
30940 2°7475 “4875 
23. 29260 2°5865 -4850 6-50 
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THE ACTION OF ANA:STHETIC QUANTITIES OF 
CHLOROFORM UPON THE BLOOD VESSELS OF 
THE BOWEL AND KIDNEY; WITH AN ACCOUNT 
OF AN ARTIFICIAL CIRCULATION APPARATUS. | 
By E. H. EMBLEY, M.D., Hon. Anesthetist to the Melbourne 
Hospital, anp C. J. MARTIN, M.B., D.Sc., F.RS., Director, Lister — 
Institute of Preventive Medicine, London. (Seven Figures in Text.) 


In a paper on the causation of death during the administration of 
chloroform by Embley ® ® ®, evidence was adduced to show that although 
it was quite true, as maintained by Gaskell and Shore, that in the. 
early stages of administration the direct effect. of chloroform on the 
vasomotor centre was stimulative, nevertheless the net effect upon the 
organs experimented with (kidney and bowel) was more or less vaso- 
dilatation. This diminution of vascular tone was not easily demon- 
strated by the ordinary method of taking simultaneous oncometric and 
blood-pressure records, as the marked weakening of cardiac contractions 
was usually such as to mask any effect due to arterial relaxation. 

In a few records, notwithstanding a fall in blood-pressure from 
lessened cardiac: contractions, the volume of the bowel or kidney 
actually increased (vide Figs. 10 and 11, Embley, op. cit.). 

Embley showed that whether the effect on volume due to vaso- 
dilatation were, or were not obscured by the fall in pressure from di- 
minished cardiac contractions, the fact that vaso-dilatation had occurred 
could always be demonstrated on discontinuing the chloroform after a 
few minutes. As the chloroform is dissipated through the lungs the 
cardiac contractions improve in force and the pressure rises, and with 
it the volume of the organ, but the latter rise is out of all proportion to 
the former and greatly exceeds its previous height (vide Figs. 8 and 9, 
Embley), showing that vaso-dilatation existed and that the heart 
recovered more quickly than the vessels. 

The view was advanced by Embley that the action of chloroform 
upon the vasomotor mechanism was such that, although it at first 
stimulated to some extent the medullary centres, its action was from the 
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beginning paralytic upon subsidiary mechanisms, eg. either in the cord, 


or the nerve endings in muscle, or the muscle of the arterial wall, or 
all three. 

From the analogy with cardiac muscle, it was suggested as not 
improbable that the arterial muscle itself might be highly sensitive to 


the action of chloroform, and that the vaso-dilatation which was shown 


to occur was occasioned in this way. 

Since the publication of Embley’s work Schafer and Scharlieb® 
have published a short account of the action of chloroform upon blood 
vessels, in which they. complain that they cannot find “on what direct 
evidence the almost universal opinion of physiologists that chloroform 
produces dilatation of the arteries is based.” These observers found 
that the addition of ‘05 to ‘5°/, by volume of chloroform to Locke’s 
saline fluid, which was being perfused through the body of a frog, 
invariably diminished the flow; from which they infer that in the frog 
the action of chloroform is to cirndude contraction and not dilatation of 
arterioles. 


We have never performed such an experiment, but we twins no 


doubt from the statement of Prof. Schafer and Dr Scharlieb' that the 
perfusion through the vessels of a frog of saline containing chloroform 
in this amount does constrict the arteries, as we find that solutions of ‘2 
to ‘5°/, do the same in the isolated organs of a warm-blooded animal. 
We think, however, that the fact that they regard 05°/, by volume as 
“relatively small amounts” is misleading, for under no circumstances 


could such amounts gain access to the blood of an intact warm-blooded 


animal by respiration. Such an amoutit in a water solution at 37° C. 
would be in equilibrium with an atmosphere containing 4:2°/, of 
chloroform, and the heart would be completely paralysed long before the 
tension of chloroform in the blood rose to this value, as was shown by 
Embley® (Fig. 1 and p. 820), by Tunnicliffe and movenketur™, and 
Sherrington and 8. C. M. Sowton®?, 

In the report of the Chloroform Commission of the British Medical 
Assoc. Sherrington and Sowton” experimenting with the isolated 
mammalian heart also come to the conclusion that chloroform causés 
constriction of the arterioles. Their sole reason for this conclusion is 
the fact that the amount of fluid passing through the coronary cir- 
culation considerably diminishes when saline containing chloroform is 


‘ That during inhalation the tension of chloroform in blood rises slowly, owing to weak 
chemical combination with the proteids and hemoglobin, follows from pag experiments 
of Moore and Roaf. Proc. Roy. Soc., uxxmt. p. 882. 1904. 
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AOTION OF CHLOROFORM. 


substituted for the simple saline solution. This is quite true, but we do 
not think it necessarily bears the interpretation placed upon it. 

_ We have made a large number of experiments upon isolated mam- 

- malian hearts for a variety of purposes and always found that, the 
pressure and other conditions remaining constant, substances (including 
atropin) which diminished the efficiency of the cardiac contractions, 
diminished the flow through the heart. Accordingly we cannot 
accept Sherrington and Sowton’s experiments as ns 
vaso-constriction. 

Quite recently Schafer and Scharlieb® have published a further — 
account of their observations on the action of chloroform upon the 
arteries, In their preliminary survey of the literature they very kindly 

_ refer to the work which forms the subject of the present paper, the results 
of which were communicated to the Physiological Society on February 
20, 1904, but not published. In referring to our work Schafer and 
Scharlieb have, however, fallen into error, as our observations were not, — 
as they state, confined to oncometric measurements with the kidney. 

Schafer and Scharlieb have extended their observation on the 
effect of perfusion of Ringer's fluid containing chloroform, to isolated 
mammalian organs, viz. kidney, heart, and limbs, and have arrived at the 
result that, whereas with the last two chloroform of various strengths 
produced either no effect, or else constriction, with the kidney, on the 
other hand, solutions containing 1 in 20,000 to 1 in 1500 of CHCl, 
occasioned dilatation, but stronger solutions produced constriction. 

Our own observations have been confined to determining the effect 
upon the arteries of the isolated bowel and kidney, of chloroform in such 
quantities as may be present in the blood, when the air respired contains 
2 to 3°/, of chloroform vapour. We have found that in both cases the 
dilatation produced is very marked, but more so upon the vessels of the 
bowel. 

The results of Schafer and Scharlieb and ourselves are not con- 
tradictory, but apparently supplementary, and it is interesting to find 
that the vessels of different parts of the body react in such an opposite 
manner to the same poison. In chloroform poisoning the dilatation 
would appear to be more or less confined to the splanchnic area. 

On undertaking the present investigation we first of all made a 
number of experiments with simultaneous records of blood-pressure and 
volume of organs, similar to those already published by Embley (1902). 
Fig. 1 records an instance in which notwithstanding the fall of blood- 
pressure the volume of the bowel increased. About half a minute after 
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2'2°/, chloroform was pumped into the lungs, the arterial pressure 
commenced to fall, and shortly after, the volume of the organ rose. The 
chloroform was administered for 24 minutes. Six minutes after the 
replacement of the chloroform by ether the volume and blood-pressure - 
had returned to their previous dimensions. 


Fig. 1. Dog, Vagi cut, + chloroform given, + + chloroform replaced by ether. 


_ On examining our collection of curves it became obvious that those — 
animals, in which at the time of introducing the chloroform the blood- 
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pressure was high, and in which there was presumably a considerable 
measure of vaso-constriction, demonstrated oncometrically this paralysing 
action of chloroform on the vasomotor apparatus to the best extent. 

We therefore artificially increased the existing vaso-constriction by 
the injection of strychnia, and Fig. 2 shows the effect upon the blood- 
pressure and bowel volume of 3°/, chloroform in the air administered 

_ to a curarised dog which had previously received a small ddse of 
strychnia, The chloroform was given during # minute. The effect is 
exaggerated and almost instantaneous. The vertical lines to the right 
of the tracing indicate periods of 3 minutes _—e which the drum 
was stationary. 

We have also performed a series of experiments in which an artificial 
circulation was sent through the isolated bowel or kidney, in order to 
determine in this way the action of chloroform in anesthetic quantities 
upon the peripheral vessels separated from the central nervous system. 
Only undiluted defibrinated blood was used, and this was perfectly 
oxygenated by having a double circulation in which it was pumped first 

_ through the isolated lungs of the animal, and then by a second pump 
through the organ (the small intestine or kidney) and returned to the 
lung circulation. 

The chloroform was shininisiated i in the air with which the lungs 
were rhythmically inflated by a mechanical pump. The strength of — 
chloroform in the air used for inflation was controlled and determined 
by the method used by Embley and described in the Brit. Med. Journ., 
April, 1902. 

A simple form of artificial devtidle apparatus which we have 
found to work well and which permits of every adjustment (Figs. 3 and 4), 
was employed. It has three important advantages: (1) It is composed 
entirely of glass and rubber and can be easily cleaned by pumping hot 
soda water through it. 

(2) It requires no very special apparatus and can be penereres | in 
any laboratory. 

(3) It, when once going, requires little looking inns so that it may 
be left for an hour or two, a great advantage in lengthy experiments. 

The two pumps R and L consist of the bulbs of small Higginson 
seamless “ Antrum syringes,’ capable of containing about 25 cc. of 
fluid. The tube is cut off close to the bulbs, Allen and Hanbury’s 
feeding-bottle valves with the nipples slit down with a razor, so as to 

— allow them to open more easily, and vane into glass tubes, are attached 
in the position marked V (Fig. 3). . 
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The bulbs are compressed by being inserted between two pieces of : 


wood hinged at the back, and the lower ones of these are hollowed out 
in order to keep the bulbs in position during compression (Fig. 4). — 


d 


; 4 


' They are alternately squeezed and allowed to expand by means of 
the excentries £ on the shaft S which is driven by the pulley P from some 
form of motor, the speed of which can be regulated at will. The 
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“throw.” of the excentric and therefore the amount of liquid ejected with 
each stroke is regulated for both pumps independently by altering the 
inclination of the piece of stout brass — H (Fig. 4) oy means 
of the thumb-screw 7' (Fig. 4). | 

Each pump draws blood from one of the venous reservoirs A and V, 
and from the delivery of each a rubber tube leads off and is connected 
with a three-way piece of glass tubing. The upper end of the three- 
way piece is passed through a rubber cork which is inserted into 
an inverted stout-walled test-tube (B and B’, Fig. 3) and the side 
tube is connected to a mercury manometer. A second three-way 
tube is inserted through the same cork, with the superior end half 
an inch below the first tube, and the two lower branches are connected 


with the pulmonary artery and a by-pass respectively. 


This arrangement acts as an air trap and also as a buffer to diminish | 
the thud of each stroke, and functionates like the elastic walls of the 
large arteries to store up some of the energy of each systole. 

There are four tubes connected with each “buffer.” The first 

connects with the pump, the other three go to a | manometer, a by-pass, 
and the organ respectively. 
A tube tied into the pulmonary vein, and the by-pass from B, both 
deliver into one of the large test-tubes. These test-tubes have a side 
tube blown near their lower ends and are connected together by a piece 
of rubber on which is a screw clamp. 

The object of this connection is to allow the blood to flow from one 
tube into the other when it arrives more quickly in one of the venous 


reservoirs... This it inevitably does, and as the resistance in the two 
circuits is variable, it would otherwise require constant attention to 


prevent the accumulation of the blood behind the principal resistance 
in the two circuits. In practice we always arrange the apparatus so 
that the flow through the lungs is in excess of the flow through the 
other circuit, and in consequence there is a continual flow from one 
venous reservoir into the other. As this is arterial flowing into venous 
blood it is of no moment. 

The arrangement is precisely the same for the other pump, but in 
this case the circulation passes through the isolated organ and the 
manometer registers the pressure upon a revolving drum. 

The pressure in either circulation can be absolutely controlled by 
varying the rate or throw of each pump or me Tesistance in each circuit 


by means of the by-pass. 


_ In our experiments we employed an arrangement for automatically 
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recording the flow through the organ by means of a drop counter. Each 
drop as it falls hits the feather F, The impact is transferred by means 
of the two tambours 7’ and 7’ to the lever of the latter, which writes a 
short vertical line upon the recording surface every time a drop falls. 
An ordinary goose feather is an excellent thing for this purpose; as it is 
not soiled by blood, there is no accumulation, but each drop bounces 
off into the receiver like “water off a duck’s back.” In order to keep 
the flow upon the feather sufficiently small to allow of drops, some of it 
was allowed to pass directly into the reservoir by means of a branch. 

In addition to the pressure and the rate at which the drops fall the 
time was also recorded upon the smoked surface by a chronograph. 

The whole circulation apparatus with the exception of the pumps and 
short lengths of rubber tubing is inserted in a saline bath kept at any 
desired temperature. 

At first a variety of mechanical contrivances for oxygenating the 
blood were tried, but no satisfactory method was discovered. In all of 
them, sooner or later the blood began to froth, and once this had started, 
it proceeded to such an extent as to render prolonged continuation of 
the experiment impossible. The only means which was found to give 
complete satisfaction was to double the circulation and use the ets 
own lungs to aérate the blood as described above. 

_ The preparation was effected in the following manner:—A large dog 
was bled, the blood was defibrinated, strained and warmed to 30°C. in 
a stout-walled bottle with a good rubber cork pierced with three holes 
through which a long glass tube dipping to the bottom of the bottle, 
a short piece, and a mercury manometer were inserted. To the 
short piece of glass tube was attached a small hand pump by means of 
which the air in the bottle may be compressed, and the long one served 
as a delivery tube for the blood. Meanwhile a smaller dog was bled and 
then the blood vessels were filled with the defibrinated blood from the 
_ pressure bottle. Again the dog was bled, and again refilled, each 

successive lot of blood of the bleedings being defibrinated, strained’ 
and added to the stock in the pressure bottle. This pr ing was 
repeated until the washings ceased to yield fibrin. The collected blood 
was strained, the apparatus filled and the circulation started so as to be 
in readiness for connecting up to the organs,  =s_—w 

The lungs and heart were next removed and one cannula secured in 
the pulmonary artery and the other in the left auricle. These with the 
lungs, were then, with the usual precautions against snevanion of = 
connected up to one of the artificial circuits. ; 
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. The organ (bowel or kidney) was then ligated off so as to leave the 
superior mesenteric or renal artery and vein in the pedicle. The organ 
was removed, a cannula secured in the artery and another in the vein 
and connected up with the second artificial circuit. The clamp was 
next removed from the arterial side and the by-pass closed down so as 
to raise the préssure to any chosen height. The artificial respiration 
enabled the chloroform to be introduced without dilution of the blood 
and without injury to the corpuscles, and the apparatus described 
-by Embley™ admitted of the percentage of chloroform vapour in the 
air administered being varied and determined with moderate accuracy. 
(6 °/, error.) 

The blood-pressure was kept constant within a few millimetres 
during the whole time by adjusting the resistance in the by-pass. 

Eight experiments were made and from the records curves have 
been drawn ‘in which the rate of flow through the organ in drops per 
minute is expressed as ordinates and the time as abscissa. The time 
during which chloroform was admitted into the lungs is shown as a 
broad black line, and the percentage of chloroform in the air 2—3°/, is 
indicated in each case, just above the broad line. 

From a glance at the curve (Fig. 5) made from the record of Exp. 4 
with an excised kidney, temp. 35° C., it will be seen that the inhalation 
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of 3°*/, chloroform vapour was followed within a minute by a rapid 
increase in flow. After four minutes the chloroform was discontinued — 
but. the increase in flow continued for another three minutes at least. 
The effect was considerable, viz., from 150 drops per minute before the 
admission of chloroform to 240 afterwards. Moreover the increased 
flow occasioned the excretion of about 7 cc. of urine _— the excised | 
kidney. 
. After reaching its maximum, the flow diminished -at first rapidly 
and then slowly, and 30 minutes after the commencement of the experi- 
ment had riot yet returned to its previous rate. In this experiment the — 
flow had not returned to its previous rate a one hour, when the 
experiment was discontinued. 
Fig. 6 shows the result of 2°8°/, chloroform inhaled for 11 minutes 
upon the flow through a portion of bowel. The general features of the 
curve are the same as in Experiment 4. The flow increased 50°/,, and 
in this case returned after 50 mins. to the same amount as before the 
action of the chloroform. | 


pirkssure | 


Fig. 6. . 


Fig. 7 is a record of another bowel experiment in which 2 °/, shinee. 
form was used. In this experiment the flow was more than doubled, 
otherwise it shows the same features as Exps. 4 and 5. 
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With chloroform of about 1 °/, concentration the effect was much 
slower, but increased the flow as much as 50 per cent. in some experi- 


CONCLUSIONS. 

From these results we conclude that the action of chloroform in the 
blood in such quantities as may occur with the inhalation of 1 to 3°/, 
vapour is to directly paralyse the neuromuscular mechanism of the - 
blood vessels of the kidney and bowel, and that a considerable part of 
the fall in blood-pressure which is constantly associated with the admin- 
istration of chloroform may be accounted for in this manner. 

That, under the conditions of our experiments, this effect upon the 
vessels should be more rapidly produced than is the case when chloro- 
form of the same strength is administered to the intact animal, is only 
to be expected from the fact that the large reservoir capacity of the 
whole blood and body fluids in the latter case, is absent. 
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RESEARCHES ON THE AUTOLYTIC DEGRADATION 
OF TISSUES. PART II. On the Influence of the Thyroid 
on Autolysis. ByS. B. SCHRYVER, Lecturer on Physiological 
Chenustry in University College, London. (Four Figures in text.) 


_ Introduction. In the last communication it was shown that the 
rate of autolytic degradation of the liver was a function of the state of 
nutritional activity of the animal at the time of death. It was of 
Interest to determine how far the method employed in these researches, 
_ viz, the estimation of the rate of autolysis during the first 24 hours after 
death, was available as a general method for investigation of the 
nitrogenous metabolism of the organism. For this purpose the autolysis 
of the livers of animals fed with thyroid glands was determined and 
compared with that of the livers of normally fed animals. It was thought 
that by this research some light might be thrown on the vexed question 
of the influence of this gland on nitrogenous metabolism, and also that 
possibly some further information might be obtained as to the factors 
by means of which the chemical stability of tissues is maintained. The 
researches dealing with the influence of the addition of thyroid glands 
to a normal diet may be divided into two classes. — 

(1) Those dealing with the consumption of oxygen and ~~ of 
carbonic acid. 

(2) Those dealing with the nitrogenous metabolism,—the intake 
of nitrogen in food, and the output of nitrogen in the excreta. 

The principal researches of the first class are those of Magnus- 
 Levy®, Stiive”, and Fehring and Thiele®. These investigations 
demonstrated that.a marked increase of the oxidation processes takes 
place in the organism during the administration of thyroids. After it 
had been shown that thyroid administration causes a marked decrease in 
body weight, which the researches of the first class mentioned above 
demonstrate to be due to increased oxidative processes, it became a 
matter of importance to determine how much the nitrogenous tissue of 
the body contributed towards the loss of weight, and how far the loss 
was due to increased consumption of the body fat. Hence the importance 
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of the researches of the ee class. The researches in this class are 


numerous, but they do not show conclusively any direct relationship 


between the administration of the glands and nitrogenous excretion. 
Ord and Withe®, Mendel®, Napier®, Vermehren™, Dennig®, 
Bleibtreu and Wendelstadt™, Birger™, Roos™, zum Busch™, 
Dinkler™, and Georgiensky™, all demonstrated a noticeable in- 
creased nitrogenous excretion due to thyroid administration, accompanied 
(according to some of the above-mentioned observers) by a diminution 
of body weight, and increased diuresis. Bleibtreu and Wendelstadt 
estimated that about one-sixth of the loss of body weight is due to the 
decomposition of proteid matter. Similar results were obtained by 
Gluzinski and Lemberger™. Other observers who have noticed the 
increased nitrogenous excretion are Arthur Schiff® (who found a 
relatively larger output of phosphorus than nitrogen). Fritz Voit, 
and ver Eecke™ ; Nicolai Schiédte™, on the other hand, attributes 
the loss of weight entirely to the influence of the thyroid gland on the 


fat, and states that the nitrogenous bodies and increased diuresis play 


no part in the loss of weight that follows administration. He states 
that by means of a large albumen diet it is possible to avoid entirely a 
nitrogen deficit, provided that the dose of thyroid is a moderate one. 
Finally, Chalmers Watson™ has recently shown that cocks fed with 


large quantities of raw meat develop abnormally large thyroids. , The 


balance of evidence tends on the whole to support the view that an 
intimate connection exists between the gland and the aicogetions 
metabolism of the organism. 

The most complete researches bearing on this subject however are 
those of Schéndorff, and as it will be necessary to discuss the results 
obtained by this observer at some length, his investigations have been 
mentioned last. 


Schéndorff’'s Eaperiments. Schéndorff carried out experiments on 


a large bitch, which had been kept for a long time in the laboratory on 
a fixed diet, so regulated that the animal remained nearly constant in 
weight, and the nitrogenous intake was approximately equal to the 
nitrogenous output. Thyroid glands were then administered. The 
result of the first few days’ feeding with thyroid was to show a distinct 
excess of the output over the intake. The following are the results for 
the first ten days of thyroid feeding. 
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No. of Weight ot 
Day tablets? N balance 
Ist 5 28°8 kilo. — 0°26 
2nd 10 23°8 —0°46 
8rd 10 23°6 +0°79 
4th 28°4 ~1°09 
5th 12gr.freshgland 23°4 1-58 
6th gr.driedgland 23°85 ~1-47 
7th 28°4 ~102 
9th 28-25 
10th 28°15 


After this and for some days following the nitrogen balance is 
positive, t.e. the output is less than the intake, and by Jan. 16, 2.e. after 
23 days from the commencement of the thyroid feeding the nitrogen 
shows @ negative balance of only —2°83 grams. I+ will be noticed, 
however, that during the first eight days there is a marked 
increase in the nitrogen output. 

Schiéndorff found that an increased nitrogenous output only took 
_ place again after the animal had lost considerably in weight, a 
circumstance due to the fact that it had already consumed the reserve 
materials, such as the fat, and had commenced to utilise the proteid 
material of the body in order to satisfy the needs of the increased 
metabolism due to the thyroid feeding. . 

He concludes that the thyroid administration has no direct influence 
on the nitrogen output, and that the initial increase in the 
nitrogen excretion is due solely to increased diuresis, and 
the consequent elimination of nitrogen bodies already pre- 
existing in the organisation in the form of extractives. 
Now if this theory of Schéndorff be true, and if the thyroid have no 
direct action on the proteid of the tissue, then we should observe no dif- 
ference in the autolysis of the livers of the thyroid-fed and the control 
animals. [The liver is one of the few organs, as we hope to show in a 
later paper, which undergo considerable autolysis in the first 24 hours 
after death.] Furthermore, if Schondérff’s conclusions be true, we 
should expect to find some difference in the nitrogen of the extractives 
in the thyroid-fed and control animals. 


+ Burroughs and Weleome’s tabloid preparation. 
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EXPERIMENTAL METHOD AND RESULTS. 


In the experiments which were carried out, and are described in | 


detail below, it was practically impossible to work under physiologically 


gecurate conditions. 


A large number of animals were’ therefore employed for experiment 


and taken in pairs. These pairs were kept under observation for varying — 


periods, and received exactly the same diets and were fed and killed at 
the same time. One animal received in addition to its diet thyroid 
glands, the other animal served as a control. The method for 
determining the rate of autolysis was the same as that employed in 
the first paper. 

Three sets of experiments are recorded. In the frst set five pairs of 
animals were fed for varying periods, fresh glands from sheep being 
administered to the thyroid-fed animal. In the second series Messrs 
Burroughs and Welcome’s tabloid-preparation was used. In the third 


series, three animals were fed with the dried preparation, and only one 


animal was used as a control. 

We now proceed to discuss the results obtained. Nine animals 
received thyroid gland for varying periods lasting from one to seven 
days. To compare with these, seven control animals, fed in exactly the 
same way, but receiving no thyroid gland, were observed. 

As a result of these experiments it was found that in every case 
the livers of the thyroid-fed animals showed a greater auto- 
lysis after 24 hours than those of non-thyroid-fed control 
animals, 

In some cases the rate of autolysis was considerably greater, and the 
entire autolysis curve in the case of the thyroid-fed animal falls above 
the curve of the control animal. In other cases the curves cut at some 
point; in these instances the maximum degradation in the control animals 
taking place between four and eight hours, and in the thyroid-fed 
animals between six and ten hours. In the third series of experiments, 
when one control animal was compared with three thyroid animals, fed 
respectively for one, three and six ae with tablets of thyroid, the results 
are well marked. 

Three typical curves, from three consecutive experiments (Series 1 
animals A, A’, B, B’, C, C’), are plotted in figures 1, 2, and 3, It will 
be noticed that there is no marked difference in the amount of extractives 
obtainable from the livers of the thyroid-fed and control animals. 


These results seem to indicate that thyroid feeding directly affects 
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the stability of tissues, and the increased nitrogenous secretion is not 
due, as Schéndorff has supposed, merely to increased diuresis and con- 
sequent elimination of already preexisting nitrogenous extractives. 
When we come to consider the cases of animals which have been fed 
for longer periods than seven days with glands we obtain a different 
result. In the two cases, when feeding has been continued for eight 
days, we find very little difference between the rate of degradation of 
the thyroid-fed or control animals. In the two sets of experiments, 
in which the period of the thyroid feeding has exceeded 


control animal is more rapid than that of the fasting animals. 
In one experiment the thyroid feeding lasted eleven days, and the 
curve of the control animal falls slightly above that of the thyroid-fed — 
animal. In the other experiment the thyroid feeding’ lasted thirteen 
days. The thyroid-fed and control animals were killed during a period 
of fasting (each animal had received only 2 ozs. of milk on the previous 
day, to which in the case of the thyroid-fed animal ten tabloids of dried 
_ gland had beén added). In this case theautolysis curve of the control 
animal is the normal degradation curve of a fasting animal. The curve 
of the thyroid animal falls markedly below ~~ of the control animal. 
curves thown in Mig 


DIscUSsSION OF RESULTs, 


Although the experiments on thyroid feeding do not extend beyond 
fourteen days, they confirm in a striking manner the general results 
obtained by Schéndorff, but they seem to negative quite conclusively 
his assumption that the increased nitrogenous excretion is due merely to 
increased diuresis and elimination of preformed nitrogenous extractives, 

The thyroid gland seems to exert a specific action on the proteids of 
the tissues. It would appear that this action is exerted on part only of 
the bioplasm, and that, after the elimination of certain specific groups, 
which under normal circumstances are readily eliminated by autolysis, the 
liver tissue acquires an increased stability. In the case, therefore, of the 
thyroid-fed animal, of which the autolysis curve of the liver is represented 
in Fig. 4, certain groups have been eliminated by the action of the 
thyroid gland before the animal was‘ killed. Its autolysis curve falls, 
therefore, below,that of the normal animal, The earlier curves of the 
thyroid-fed animals states’ these specific groups in process of 
elimination. 
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| It is of interest to compare the effects of the administration of the 
: thyroid gland with those of the administration of phosphorus. In both 
cases there is a degradation of proteid matter, In the case of thyroid 
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Dotted lint thyroid-fed animal. 
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administration there is an elimination of fat, in that of phosphorus 
_ poisoning a fatty degeneration, or, rather, as Rosenfeld™ has 
recently shown, a fatty infiltration. But with thyroid feeding there is 
increased oxidation, whereas in phosphorus poisoning the oxidation is 
diminished. These results might suggest that the proteid degradation — 
is a preliminary process in the utilisation of the fat, and that, after 
elimination of certain nitrogenous groups, the fat wanders from the other 
tissues into the liver, a fatty side-chain replacing possibly a nitrogenous 
side-chain. In the case of thyroid feeding, with the accompanying 
excessive oxidation, the fat is combusted, whereas in the case of 
phosphorus poisoning, with its diminished oxidation, the fat accumulates _ 
and gives the organ the characteristic appearance of fatty degeneration. 

_ When these researches were commenced it was thought possible 
that the internal secretion of the thyroid gland might provide the 
‘ organism with an enterokinase-like body capable of setting free the 
autolytic enzyme from its corresponding zymogen. 

We have noticed, however, that the autolytic enzyme comes into play 
during starvation of the animal, and this suggests another hypothesis, 
viz. that an enterokinase-like body need not exist, but that the autolytic 
enzyme (either in the zymogen or enzyme form) is continually present 
in the organism, and that its action is inhibited in the well-nourished 
animal by the presence of metabolites. In favour of this latter 
hypothesis it might be mentioned that analogous mechanisms have been — 
discovered in vegetable physiology. De Bary™ found that no enzyme 
capable of digesting cellulose can be found in bacillus amylobacter as 
long as sufficient grape-sugar is present in the nutriment. Furthermore, 
Brown and Morris™ have shown that the cells of the scutellum of the 
barley embryo produce no zymase as long as sugar is at their disposal, 
but that as soon as this substance disappears they produce a diastase — 
which acts on the starch of the endosperm. It has been suggested that 
the enzyme or zymogen is already existing in the cells, and that the 
presence of the metabolite (in the case of the barley embryo a sugar) 
either inhibits directly the action of the enzyme, or the setting free of 
this body from its corresponding zymogen. 

It is quite possible that a similar mechanism regulates the autolytic 
enzyme, and consequently the general mechanism of the tissue stability. 
_ In this case, then, we should have three sets of factors to consider 
when studying the action of secretion on the 
metabolism, viz. 

(i) The tissues sie 
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166 § B SCHRYVER. 
(ii). The autolytic enzymes or zymogens. It is concei a 


several such bodies are present in each tissue, each — for certain — 


groups of the proteid molecule. 

(iii) The bodies causing the inhibition of the action of enzymes or 
_ gymogens, probably metabolites, or bodies synthesized from metabolites. 

It is conceivable that an internal secretion can act on one or more of 
these bodies. So far all experiments made én vitro with the object of 
ascertaining whether the thyroid exerts a direct action on autolysis have 
led to a negative result (cf. Wells”). 

It remains, then, to determine the influence of cnetalioliien on autoly- 
sis. Cathcart and others have shown that the albumen of the serum 
inhibits the action of the tryptic enzyme. Furthermore, Tiegel™ and 
Burckhardt™ have shown that it is this part of the serum which dis- 
appears first during starvation. It is possible that this is the body 
which inhibits the autolytic enzyme. Whether this surmise is correct 
or not must be left for future research to determine. 


PROTOCOLS. 


SERIES 1. 


Cats A and A’, Cat A’ received four fresh sheep’s thyroids on Thursday, May 26th, 
after which the animal refused food. It was fed again on Monday and on Tuesday evening 
it received a fish meal with four thyroids. It was killed on Wednesday, June 1st, Cat.A 
was fed in an exactly similar manner, but without thyroids. 


Autolysis of Livers. 

Control 9 a.m. 8-9 8°8 

Il a.m. 88 8°6 

1 p.m. 9°4 10°0 

8 p.m. 18°6 144 

445 p.m. 168 160 

7pm. 23°4 27°5 


Results plotted in Fig. 1. willbe thatthe of the thyroid oti 


Cate B and B’, Feeding commenced May 26th. 


diet on the last two days, and were killed on June 2nd. a 
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Autolysis of Livers. 
animal Thyroid-fed animal 

Control 9 a.m. 57 66 
11 a.m. 8°83 11°4 
2 p.m. 9°0 186 
8 p.m. 18°2 26°3 
5 p.m. 26°7 

6.45 p.m. 88°1 


Results plotted in Fig. 2. 


Cats C and OC’. Feeding commenced May 26th. Thyroid-fed cat received one gland 
daily till June 1st, when it received two glands. June 2nd, four glands. Animals killed 
June 8rd. 


Control animal — Thyrojd-fed animal 


Control 9.15 a.m. 81 78 
1,15 p.m. 100 14°4 

§.16 p.m. 19°8 
6.45 pum, 39°2 
25 hours 440 


Results plotted Fig. 8. A considerable difference is noticeable here between the thyroid- : 
and non-thyroid-fed animals. At least one-third of the pairs of animals investigated 
exhibit this relatively large difference in the rate of autolysis. = —~—— 


‘Cate D and D’. Thyroid-fed cat received a meat diet for seven days with twelve 
tabloids (each tabloid =0°324 gr. fresh substance). After this, for three days a fish diet mixed 
with four fresh glands each day. The control animal received an exactly similar diet. 


Control 9.15 a.m. it, 82 
11.15 a.m. 
615 pm: 28°6 - 
6.45 p.m. 34°0 
24 hours 42°6 - 432. 
The diferene between the of in than animale Hin within the 
limits of experimental error. 
Cats E and E’.. ee day longer on fish and fresh glands than 
animals D and D’. 
6.30 p.m. ALS. 
24 hours 400° 86°8 


Here the degmdation of the thyroid cat in abou 10 lene San that of th contr 
animal. 
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SERIES Il. 


ounces of milk daily, The thyroid-fed animals received ten tabloids (Burroughs, Weleome 

_, & Co.) a day, powdered into the milk. The animals were kept some time in the laboratory 
before thé experiments were commenced. 


A and A’, Thyroid feeding two days. 


Control 10am. 6°9 
12 a.m. 70 6°8 
2 p.m. 79 09 110 43 
4 p.m. 11°0 4-0 180 
6 p.m. 12°8 58 23°6 16°8 
8.30 p.m. 22°9 160 . 870 812 
Cats B and B’. Thyroid feeding four days. | 
Degradation Degradation 
Control 10 a.m. 18°5 
12 a.m. 79 79 
2 p.m. 11°9 9°7 07 
4 p.m. 20°8 12°1 19°0 100 
6 p.m. 25°6 169 20°5 115 
8.80 p.m. 81°6 22°9 28°8 19°8 
24 hours 88°7 80°0 450 360 
Cate C and C’. Thyroid feeding for six days. 
Control, 10 a.m. 73 90 
12 a.m. 79 79 
2.15 p.m. 10°7 te 85 0 
4 p.m. 169 9°3 . 188 48 
6 p.m. 21°5 13°9 
7.45 p.m, 22°3 14°7 23°5 150 
24 hours 864 28°8 40°7 82-2 
Cats D and D’, Thyroid feeding for eight days. ed 
Control 10 a.m. 66 66 
12 a.m. - 71 0% 66 
6 p.m. - 83°8 23°5. 
7.80 pan. 35°6 29°0 16 
24 hours. 40°0 89°77. 88-1 
y 1 Average of first two numbers taken as zero. 
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Cats E and E’, Thyroid feeding continued for 18 days. On the day before killing the | 
animals received 2 oz. of milk without meat, To the milk of the thyroid-fed animals the 
tabloids were added. 

. Control animal Thyroid-fed animal 


Control 9.30.a.m. 10°5 
11.30 a.m. 9°3 - 102 

1,80 p.m. 185 123% 

3.30 p.m. 25°8 

5.30 p.m. 216 

7 p.m. 44°5 83-0 

24 hours 54:3 40°5 


The curves for these numbers are plotted in Fig. 4. 
Weight of animals at commencement of feeding. (No very appreciable change was noted 
during the time the animal was under observation.) 


Control animals Thyroid-fed animals 
A A’. 
B. 2°8 kilos. B’. 2-0 kilos. 
C. 2°85 ,, 260,, 
SERIES III. 
Autolysis of the livers of four cats simultaneously, : 
Cat A. 10 tabloids for 6 days. Weight 3-05 kilos. 
Cat C. 20 tabloids given only once. 
Cat D. Control animal | 
A. Degradation B. Degradation 0, Degradation D, Degradation 
11 a.m, oO | 65 
8 p.m. 115 4-1 100. 4-7 9°7 3-0 
5 p.m. 26°8 19°4 158 10°65 18°7 420... 1468. .. 
6.30pm 385 %1 — 208 Wl 160 86. 


24hours 87:7 86-4 B11 380 8 84:1 26°6 


In the control cat D it will be noticed that the autolysis numbers fall in nearly every 
| case below those of the thyroid-fed cats, For this reason this set of experiments appears 
- fairly conclusive. The sero number for caloulating the degradation is taken in the above 
canes an the mean of the two fret nambers, 


SERIES IV. 


About 70 c.c. 10%, eolution of normal ween, injected. into 
the external jugular vein of cat 4 anesthetised with a.c.z._ The injection was made in 
small quantities at a time, at intervals. during 2—8 hours. The blood-pressure recorded 
in carotid artery showed a slight fall after the first injections, A cannula was then 
inserted into the other carotid artery and the animal when still under the anwsthetic was 
bled to death. The liver of a cat B was then taken and the rate of autolysis determined 
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in saline alone, and in saline to which 1¢.c. of serum had been added (4 grms. liver in — 
40 c.c. saline). The addition of the serum causes no appreciable change in the rate of 


In saline Tn saline 
without serum with serum 
Control 9 a.m. 78 
11 a.m. 78 70 
1 p.m. 77 77 
8 p.m. 8°6 9°3 
5 p.m. 19°8 
7 p.m. 23°4 


I wish to express my thanks to the Committee of Granta of the British | 
Medical Association for two grants given in aid of the above work. 
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EFFECT ON BLOOD-PRESSURE OF . PROTEOLYTIC 
PRODUCTS. By ©. G. L. WOLF. 


(From the Physiological Laboratory, King’s College, London, and the 


‘Chemical Laboratory, Cornell University Medical College, New York.) 


It is well known that when ‘peptone’ is injected into the blood-— 
stream one of the effects produced is a fall of arterial blood-pressure. 
W. H. Thompson’ showed that this was due to an action upon the 
neuro-muscular mechanism of the peripheral vessels, On investigating 
to which constituents of commercial peptone this effect is due, he found 
that the primary proteoses are the most powerful of the depressant 
substances ; deutero-proteose has a slight action; purified peptone has — 
little or no such action. Antipeptone (which we now know is really a 


_ mixture of simpler cleavage products) gave negative results. 


Later he found that the simple proteids known as protamines and 
histones have also a ‘peptone’ effect on the blood-pressure, but that 
protones (the peptone-like materials: obtained by digesting protamines) 
and the hexone bases gave negative results*. 

In a recent paper Pierre Nolf* states that a product of pancreatic 
autolysis (in which the process of digestion had been carried so far that 
the biuret reaction was no longer obtainable) produced when injected 
into the blood-stream a lowering of arterial pressure, and in large doses 
a lessening of the coagulability of the blood. It therefore appeared 
interesting to discover to which of the cleavage products of proteid, 
if any, this peptone-like effect is due. I have accordingly at Prof. 
Halliburton’s suggestion performed experiments with a large number 
of the simple products of proteolysis. — 

For the greater number of these I am indebted to Dr Phebus A. 
Levene, but some have been purchased and a few I have made in the 


laboratory. 


1 This Journal, xx. p. 455; xxtv. p. 374; xxv. p. 1. References to the older literature 
will be found in these papers. 

2 Zeitschr. f. physiol. Chem. xx1x. p. 1. 1900. 

% Bulletin Acad. roy. Belg. 1904 (ii), p. 153. 
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172 C. G. L. WOLF. 


For the specimen of glutaminic acid employed I have to thank 
Dr Isaac Harris; and the specimens of tryptophane used were kindly 
given to me by Dr F. G. Hopkins. 

All of these were dissolved in physiological saline solution, neutra- 


lising where necessary, and injected into the blood-stream of cats 


anwsthetised with A.c.E. mixture and ether, vid either the facial or 
external jugular vein. 

The arterial pressure has been registered in the as way by a 
mercurial manometer attached to the carotid artery. A simultaneous 
record of the intestinal volume was taken by Edmunds’ intestinal onco- 
meter in order to detect volume changes in peripheral vessels. I have 
examined all the tracings carefully, measuring alterations in blood-pressure 
where such occurred, and counting the heart-beats in periods of 20 


seconds, I have not reproduced any of the tracings because, as will be 


seen immediately, the results have been almost uniformly negative. 

W. H. Thompson found that 10 to 15 milligrammes of ‘ peptone’ 
per kilo of body-weight is quite enough to produce a distinct effect 
upon blood-pressure. The cats I used weighed on the average about 
3 kilogrammes, and the amount injected of the various substances 
to be enumerated immediately varied from 10 to 50 milligrammes, 
I therefore injected more material than would possibly have been 
yielded by the amount of ‘peptone’ just mentioned. In some cases 
(eg. indol) where the substance is only slightly soluble in saline 
- solution I used a filtered saturated solution, of which I am unable to 
give the correct strength. In all cases the solution was injected at 
body temperature and controlled by the injection of the same volume of 
saline solution at the same temperature; this occasionally produces a 
slight effect on blood-pressure. | 

The following is-a list of the substances I — — 
with; 


Glycine | 

Leucine Guanine 

Tyrosine Thymine 

Uracil Glycine ethyl ester . 

Cytosin  @ pyrrolidine carboxylic acid __ 
Indo} a-methyl-pyrrolidine carboxylic acid 
Skatol Arginine 
Tryptophane Glutaminic acid 

Xanthine Glucothionic acid 


With one exception all of these produced entirely negative results, 
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or only such a slight change as was also produced by the same amount 


of normal salt solution in the same animal. 
There was no effect upon arterial pressure, intestinal volume, 
rebphushisas, or rate of blood clotting. 

In the majority of experiments both vagi were divided, but I have 
done a sufficiently large number of controls to show that this omen | 
makes no difference. 

The only exception was in the case of glucothioniec acid, a substance 


_ obtained by P. A. Levene’, among the decomposition products of spleen 


nuclein ; it is possibly Fischer’s glucosamic acid combined with sul- 
phuric acid. This substance forms’ an opalescent solution with water 


_ or normal salt solution. Such solutions are acid, but on neutralisation 


with dilute sodium hydroxide the opalescence remains unaltered. 

The effect of the injection of this substance is a rise of blood-pressure _ 
which soon passes off. There is no change in intestinal volume, but the 
heart is accelerated whether the vagi are cut or not. Respiration at the 
same time becomes slower and deeper. The effect of the neutralised is 
less than that of the acid solution. Thus, 5 mgm. of the acid raised the 
arterial pressure from 154 to 190mm. Hg. The effects of the neutral- 
- solution which were measured were as follows :— 

25 mgms. raised the pressure from 164 to 190 mm. Hg. 
animal » 146%0170 ,, 

I also noticed that the injection slightly lessened the coagulation 
time of drawn blood, but intravascular clotting did not occur; my 
attention was first drawn to this fact by the clotting which almost 
invariably occurred in the arterial cannula whenever I used this sub- 
stance in my experiments. 

This solitary exception was thus obtained with a substance of 


_ uncertain composition, and the effects noted are the opposite to those 


produced by peptone. 
The general conclusion apart from this whieh 3 is to be drawn from 


these experiments is that simple products of proteolysis do not produce 


the ‘ peptone effect.’ Ihave not by any means examined all the possible 
simple products of proteid cleavage, and if the effect noted in the 
mixture injected by P. Nolf is due to one or more such simple materials 
I have failed to discover it. The product of pancreatic autolysis is, 
however, a complex mixture, containing many substances which are not 
cleavage products of proteid at all. Ktitscher and Lohmann’ have 


1 Proc. Amer. Physiol. Soc. 1902; American Journal of Physiology, vit. p. xi. 
% Zeitschr. f. physiol. Chem. xxxrx. pp. 159, 313. 1903. 


4 
j= 
| 
4 
| 
a 
< 
. 
‘fi 
<4 
of 
= 
| 
| 
| 
| 
| 
4 


shown that among the end products of the auto-digestion of both pancreas 


and yeast the products of decomposition of lecithin are also present. It 


is therefore probable that the depressant substance in Nolf’s mixture = 


was in reality one of these, namely choline, 

But although I have not experimented with every individual 
product of proteid cleavage, I have taken samples of all the chief classes 
~ of such products, and I conclude that the ‘ peptone effect’ is not due to 
any one molecular group in the proteid, but is the result of a combi- 
nation of groups. The further the process of hydrolysis is continued 
the less and less is the effect manifested, and in this particular my 
experiments coincide with those of W. H. Thompson. 


Addendum by Prof. W. D. Halliburton. . 


After Dr Wolf returned to America, where he completed the experi- 
ments he commenced in my laboratory, it appeared to me to be worth 
while to examine in a similar way these prodv¢te of proteolysis, which 
E. Fischer has recently separated and named polyppttides. These are 
combinations of amino-acids.~In reply to a requst, Fischer 
generously sent over to me specimens of gate polwentiddes, and my 
best thanks are due to him. ae 

The four substances in question were :— 

leucy]-glycine 


leucyl-leucine 
glycyl-asparagine 
alanyl-leucyl-glycine. 


Experiments were performed with these in the way already described. 


Doses of from 2°5 to 100 milligrammes dissolved in normal salt solution 
at body temperature were injected both before and after division of the 
vagi, and absolutely negative results were obtained. The combinations 
of molecular groups necessary to produce the ‘peptone effect’ must 
therefore be more complex than the polypeptides. 


In connection with the history of the subject it should be noted. 


that Pick and Spiro’ attribute the effect of proteoses and peptones on 
blood-pressure and blood clotting to impurities, but the more recent 


work of F. P. Underhill* with purified products has shown that this 


is a mistake. 


1 Zeitschr. f. physiol. Chem. xxxt. p. 287. 1900-01. 
2 American Journal of Physiology, 1x, p. 845, 1908, : 
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_EXPERIMENTS ON CYSTIN AND ITS RELATION TO 


SULPHUR METABOLISM. By C. H. ROTHERA. 


(From the Physiological Laboratory, Cambridge.) 


SEVERAL observers have made experiments on the effect of adding cystin 
to the food of animals with a view to determine the relation of this body 


to sulphur metabolism. Thus: 


(1) Goldmann! gave a dog 2°02 grms. cystein hydrochloride (pre- 
pared from calculus cystin) and found grds excreted as sulphate, {rd as 
unoxidized suiphur (thiosulphate). 

(2) Blum? fed dogs on various quantities of cystin. ranging from 
3 to 5 grms. and obtained more or less complete oxidation to sulphate 
and thiosulphate. The same occurred with a dog whose daily dose was 
9 grms. of cystein hydrochloride given for five consecutive days. 

With rabbits receiving 1-5 and 2 grms. of cystin oxidation to sulphate 
was complete. 

_ (8) Wohlgemuth’s’ results differ from Blum’s in that he found 
rabbits fed on cystin excreted considerable quantities of thiosulphate in 
their urine. _ 

Both he and Blum used the artificial substance from horn; but 
Wohlgemuth gave 4 and 5 grms. at a time. The sulphur in the urine 
showed an increase corresponding to only ‘77 grm. of cystin. 

It seemed to me advisable that observations of a similar nature should 
be made on man, and in consequence I undertook the experiments 
recorded in this Paper. 

During the observations diet was constant, exercise constant, and 
habits regular. The urine was collected over 24-hour periods, namely 
from 7 a.m. to 7 am. 

The following tables give the results obtained. 


1Goldmann. Zeit. f. phys. Chem. rx. p. 260. 
2 Blum, Beitriige f. Phys. u. Path. (Hofmeister), v. p. 1. 
Wohlgemuth. Zeit. f. phys. Chem. xu. p. 81. 
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Taste L Calculus Cystin. 


Total Sulphate in Total 
(1) Constant diet 
“441 re- 
(3) 8380 “488 8101 7°820 
The “calculus cystin” was obtained through the kindness of 
Dr A. E. Garrod. 
‘Taste IL. Cystin prepared from hair. 
Total 8.in Sulphate in Total 
(1) Constant diet 
and corresponds to 
(8) 1125 290 6-52 574 cystin. 
grm. was en 
(1) Constant diet | | | 1 grm, 
1 grm. 687 598 crease whol 88 
560 51} 506} 7101 yon 


The figures in the preceding table are left in terms of barium 


this salt into the almost exactly corresponding quantity of cystin. [1 mol. 
of cystin (mol, wt. 240) gives 2 mol. of BaSO, (mol. wt. 233).] 

The sulphur determinations were carried out in accordance with 
Salkowski’s recommendations. For the fusion, in the total sulphur 
estimations, a mixture of 2 parts K,CO,, 2 parts Na,CO,, 1 part KNO,, 
was employed. Five grms. of this mixture were taken to the residue 
from 50 c.c. of urine. The mixture was completely free from sulphate. 

The details given in the tables show that in man the 
oxidation of cystin to sulphate is complete. 

Larger doses than those given were purposely avoided in order that 
bacterial action in the intestine might not complicate the issue. Thus 
eystin dissolved in nutrient gelatine and inoculated with B. ‘coli com- 


sulphate, because it only becomes necessary to divide by two to convert 


munis is broken up with liberation of sigan — even under 
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angrobic conditions. This, I take it, is of considerable importance, 


and readily explains the different results obtained by Blum and by 
Wohlgemuth with rabbits, already referred to. Wohlgemuth used 
large quantities of cystin, only portions of which were absorbed; the rest 
undergoing decomposition in the intestine might well account for the 
thiosulphate in the urine. | 

The growth of B. colt communis in a medium coining cystin would © 
I hoped remove the amido group (NH,) giving a thiolactic acid. In this 
I was disappointed, as there was no ether extractable substance, except 
a trace of higher fatty acid. We have here then another example of the 
difficulty, observed in pure chemical work upon cystin, of removing the 
amido group without disturbing the sulphur linking. 

A point of great interest has been raised by Neuberg and Mayer’ 
who maintain that calculus cystin differs from urine cystin and from that 
obtained by the hydrolysis of horn. The latter two, however, they con- 
sider identical. 

My “calculus cystin” was identical with the artificial cystin prepared 
from hydrolysis of hair. It was hexagonal, had similar solubilities, colour 
reactions and rotatory power. 

The following figures give the optical rotation. In both cases the 
cystin was recrystallised, thoroughly washed with distilled water, alcohol 


~ and ether, and dried at 100°. 


“45 grm. caleulus cystin dissolved in 100.c. dil. HCl and enclosed in 
a 2 decimetre tube gave a rotation of 4°54°; sp. rot. power — 252'2°. 

‘45 grm. of horn cystin dissolved in 100 cc. dil. HCl and enclosed in 
a 2 dm. tube gave a rotation of 4 52° to the left. Sp. rot. power 
— 251°1°. 

I do not feel the slightest doubt but that the specimen 
of calculus cystin dealt with by me was identical with hair 
cystin’. Both are completely oxidized to sulphate in the 
normal human individual. 

The next problem is the relation of in 6 to taurin. Bergmann’ 
has shown that the administration of cholalic acid doubles the sulphur in 


1 Ber. Deut. chem. Geselisch. May, 1903. 
* Since the above observations were made Loewy and Neuberg have published an 


- siccount of experiments on a cystinuric patient; they describe a different behaviour towards 


“ calculus” cystin (which was oxidized) and artificial ‘‘horn” cystin (which was excreted 
unaltered):- I would therefore very strongly call attention to the identity of my specimen 
of ** calculus” cystin with ‘‘ hair” cystin, and I await with interest the farther publication 
promised by the above authors. 

* Bergmann. Beit. f. Phys, u. Path. (Hofmeister), rv. p. 192. 


a 
ae 
‘ 
2 
a 
“a 
3 
¥ 
¥ 
5 
& 
4 Ne 
4 
3 
4a 
4 
% 


178 ROTHERA. 


the bile of dogs, but that this effect is not maintained unless cystin be 
supplied simultaneously. He therefore concludes that cystin is capable 


of forming taurin under the stimulus of cholalic acid. Alone however 


he finds it has no influence on the sulphur of the bile. 


Simon and Campbell fed a cystinuric patient on cholalic acid’ — 


and concluded from their results that the cystin output was unaltered. 
‘But the sulphur excretion was extremely irregular, and further the 
neutral sulphur was taken as a measure of the cystin output. 

__ Cystin however may be converted to taurin and still appear amongst 
the unoxidized sulphur of the urine, that is, otherwise than as sulphate. 
The formation of a bile fistula at once diminishes the neutral sulphur of 
the urine(Kunkel). Salkowski* has further shown that in man taurin 
is excreted unoxidized as tauro-carbamic acid. Therefore Simon and 
Campbell's results are not conclusive and the problem must be 
attacked from a new standpoint. The first step requisite seemed to 
be to try the effect of cholalic acid alone. It is possible that if cystin 
is a normal precursor of the sulphates of the urine it may be seized 
upon by the cholalic acid with the formation of taurocholate. If this is 
so the sulphate of the urine must be diminished, whereas the neutral 
sulphur would be increased. 

The following table gives the result of feeding on cholalic acid. 


| Sulphate Sulphur in Total Total 
(2) 868 5°38 5961 68 
868 “411 

(4) 2gtm-cho- 799 3035} “ort 5-668 6-380 588 
(6) 5320 «6262 942 


It will be seen that there is no decrease in the sulphate excretion, 
but on the other hand a small rise. 
The neutral sulphur is, however, of interest. The slight diminution 


_ on the 4th day, when 2 grms. of cholalic acid were taken, is due probably | 


to the increased peristalsis caused by the acid. This was not sufficient 
to cause irregularity, though the feces were thin and watery. 


* Beit. f. Phys. u. Path. v. p. 104. 
Salkowski. Virchow’s Archiv, uvut. 
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The later rise in the neutral sulphur may, I think, be regarded as 
due to the formation and slower excretion of bile sulphur, and if so 
actually indicates the time of circulation of the bile salts. 

I conclude that cholalic acid acts as a poison whose antidote is 
taurin. This taurin, however, is derived directly from tissue sulphur 
and not from a more immediate precursor of the normal sulphates, 
such as cystin would be. 

Cholalic acid increases the total sulphur metabolism, but 
does not diminish the sulphates. 

My next experiments were undertaken with the view fo determining 
whether cholalic acid, given simultaneously with cystin, interfered with 
the oxidation of this to sulphate. 

The tables on the next page show that this is not the case. | 

In these tables the oxidation of cystin to sulphate is complete 
in spite of the simultaneous ingestion of cholalic acid. In fact there 
seems to be no natural tendency for cystin to form taurocholate in man. 

In the third experiment on P.P.L. the whole of the cystin does not 
seem to have been absorbed. 

The experiments carried out by Blum?’ indicate that the liver is the 
organ in which the conversion to sulphate occurs. But if this is the 
case the mechanism is either exceedingly delicate, or else the oxidation 
is not direct but by way of an intermediate product. I have tried — 
repeatedly with dog’s liver to obtain a direct oxidation. With crushed 
liver, kept antiseptic with toluol, the result was negative, as also with 
crushed liver and blood aérated by a stream of air and without an 
antiseptic. 

Perfusions gave like negative results, and to avoid any chance of 
interference by chloroform vapour in the blood, the dog in one case was 
killed by pithing. The circulation was continued for 24 hrs., and the 
blood containing cystin passed through the organ some 10 to 20 times. 
Yet there was not the least trace of sulphate formed. If then the liver 


is the responsible organ, as Blum’s experiments certainly indicate, the. 
oxidative process is not to be regarded as of the same order of simplicity 


as, for example, the conversion of ammonium carbonate and the amido 


acids to urea. 


Consequently we can more readily realize that disorder of 
metabolism in which cystin occurs in the urine but in which no 


_ pathological symptoms or interference with health can be noticed. 


1 Blum, Hofmeister, Beit. f. Phys. u. Path, v. p. 1. 
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180 ROTHERA. 
Tables for Cystin and Cholalic Acid. 
A. 0. H. R. | 
(1) Constant diet 
(8) 820 5-182 
© o 
6-06 
(1) Constant diet 
(2) 840 0.0. beet 898 5-964 
(8) 399 eT 
10008 
(9) “480 (7-810) 
PPL. 
(1) Constant diet 
(2) T8000. 6-81 
847 
(8) 980 = (6-80) (6°80) 
(4) 700 cant 7080 
(5) 910 880 “a7 
6) 676 78898 
* The two instances in which the neutral sulphur is zero are very interesting. There oe 
is no doubt about the phenomenon, Also in both cases the urine was worked up whilst i 
still fresh. What seems so inexplicable is that in the one case the neutral sulphur has + 


been oxidized to sulphate, whereas in the other case it is apparently completely absent. 


3 
fp 
| 
| 
oy 
1, 
or 
A. 
| 
| 
| 


OCYSTIN AND SULPHUR METABOLISM. 181 


I may mention here one or two points in connection with the 
preparation of cystin from hair. The method I employed was based. 
upon the observations of Hopkins and Cole’ that cystin is prepared 
by their acid mercuric sulphate reagent. The same observation was 
made use of by Patten’ who obtained a yield of 4°/, of cystin. Shortly 
outlined the method is the following. 


100 grms, of hair are boiled with 1 litre of 15°/, sulphuric acid for 86 hours. Filter. 
Dilute the filtrate with an equal volume of water and precipitate with the reagent, 10°/, 
mercuric sulphate in 5°/, sulphuric acid. Wash the précipitate by decantation. Suspend 
in water and decompose with sulphuretted hydrogen. 

Decant, or filter from the mercuric sulphide, and if the liquid is a clear yellow, as is 
nearly always the case, remove the H,8 with a stream of air, aided by warming. Neutralize 
with ammonia, and draw air through till there is no purple colour (all cystein is thus 
oxidized to cystin). Evaporate under reduced pressure but allow a stream of air. |The 
 cystin separates out more or less as hexagonal crystals with very little pigment. 

Redissolve in hydrochloric acid, decolorize if yellow with a very little animal charcoal 
and after filtering carefully neutralize with ammonia. If the solution is not too voluminous 
the cystin at once begins to separate. 

A most useful phenomenon is the depression of cystin solubility by a little alcohol. 
If crystallisation does not occur a few c.c. of aleohol will at once cause it to commence. 


The method seems ideal, but the yield is only 4°/,, as Patten also found by 
his rather more elaborate application. This may be best explained as the. 
result of sulphuric acid hydrolysis, and agrees with results on the nitrogen — 
orientation after varying acid yas have previously 
published 

There is no tyrosin precipitate with the cystin, and a couple of 
recrystallisations insure absolute purity. The yield seems to be constant, — 
and is uninfluenced by large variations in the time of hydrolysis, «.¢. from 
18 hrs. to 180 hrs, 

With the hexagonal cystin a needle form is presant, and this is greater 
the greater the time of hydrolysis. The first crystallisation shows long 
needles, like tyrosin, but on dissolving in dilute hydrochloric acid and 
neutralizing with ammonia, the subsequent crystallisations usually 
resemble lecithin spheres. These give the cystin (cystein) colour reactions 
and the required sulphur and nitrogen content, but I have had no 
leisure as yet to investigate them further. 

- One of the most remarkable points to be observed during the 
preparation as above described is a colour reaction with ferric chloride 
and ammonia used simultaneously. It is obtained after the sulphur- 
3 1 This Journal, xxvu..p. 421. 1902. 


© Zeit. f. phys. Chem, xxxrx. p. 350. 
8 Hofmeister, Beitriige f. Phys. u. Path. v. p. 442. 
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etted hydrogen has been removed, and is of especial interest as the 
reaction is ascribed by Mérner? to a-thio-lactic acid in particular and 
par excellence. The colour obtained is a vivid purple, which fades but 
reappears again on shaking with air. This may be repeated many times, 
till finally ferric hydrate is precipitated, and the action is at an end. 

- There is, however, no ethér extractable substance, and so I feel that 
the reaction must undoubtedly be a cystein reaction, made possible 
by the presence of something which interferes with the oxidation to 


Any alkali will do in place of ammonia, for example, barium hydrate. 


But ammonia and other oxidising.agents do not give the reaction which 
is therefore dependent upon the ferric chloride. 

7 With pure cystein, ammonia and ferric chloride give a purple, which 

rapidly vanishes with precipitation of ferric oxide. But of course in 

this case ammonia alone gives an intense purple, and it is difficult to 

judge whether the colour is greater with the ferric chloride and ammonia 


together. If, as I believe, the reaction is due to cystein, it raggests oe ? 


this body may indeed be a derivative of a-thio-lactic acid. 
Finally, I wish to express my very sincerest thanks to Dr Gowland 


Hopkins, whose sympathetic help and kind suggestions have been so 
to me. 


SumMMaRY. 

_. @)_ Cystin prepared by the hydrolysis of hair, as also a specimen 
of calculus cystin, when given by mouth to man, were completely 
oxidized to sulphate, and appeared quantitatively as such in the urine. 

(ii) Cholalic.acid does not diminish the excretion of sulphates in 
the urine, as it might if cystin were a ; precursor of sulphates, and were 
converted to taurocholate. 

(iii) Cholalic acid given salaalommsudy with cystin does not inter- 
fere with its oxidation to sulphate. 

(iv) The identity of artificially prepared cystin (by the iiihilici 
of hair), with a specimen of calculus cystin, seems conclusively established. 

(v) Attempts to get the liver to oxidize cystin to sulphate uni- 
formly failed. 

(vi) The method of preparation of cystin from hair is discussed, 
and especially a colour reaction, suggesting that the a-thio-lactic acid 
Bets is present in cystin. 


Moérner, Zeit, f. phys. 
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ON THE INTER-RELATIONSHIP OF CALCIUM AND 
MAGNESIUM EXCRETION. By JOHN MALCOLM. 


(From the Physiological Laboratory of the University of Edinburgh.) 


THE following is an account of some experiments undertaken with a 

view to determine whether any relationship exists between the excretion 

of Ca and Mg such as Bunge has described in the case of sodium and 
um. 

By evidence drawn from various sources, Bunge™ proved that when 
the ingestion of potassium salts exceeds that of sodium to a certain 
degree, there results a loss of the latter, and on this ground he explains 
the desire of herbivora for salt and the popular use of salted food along 
with potassium-rich vegetables such as potatoes. 

Now Calcium and Magnesium are elements which closely correspond 
in some points to K and Na; they occupy as prominent a place in the - 
intestinal excretion as K and Na do in the urine; further, while all four 
elements are constantly found in the fluids which bathe living proto- 

plasm, the ratio of potassium to sodium is roughly comparable to that — 
_ of calcium to magnesium. 

The first method of investigation adopted was that of a general 
metabolism experiment in which the total intake and output of Ca and 
Mg were determined during the following periods. First, a normal 
period, preceded by a week on the same diet; in the second period the 
calcium intake was increased and the effect on the magnesium output 
specially observed ; the third was a normal period, and in the fourth, the 
magnesium intake was increased and the effect on the calcium output 
noted. 

The magnesium and calcium intakes were increased by means of 
measured quantities of solutions of their chlorides added to the water 
used in cooking the food. 

Two experiments were done in this way on two male dogs. They 
were confined in special kennels with access only to a large rectangular 
sloping tray for collection of excreta. The urine was drawn off by catheter 
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184 J. MALCOLM. 


thrice daily, and each morning the dogs were taken outside to a paved 
court for exercise and defecation. The food consisted of dog biscuit 


meal and finely ground dried horse-flesh. It was cooked by pouring a 
measured amount of boiling water over it, and each day’s ration was 
given in two portions. 

The urine of every two successive days was evaporated to small bulk 
on a water-bath, incinerated as a whole in a large porcelain crucible, and 
the calcium and magnesium estimated in the usual way, the former being 
precipitated as the oxalate, incinerated and weighed as CaO, while the 
latter was estimated by weighing as Mg,P,O,. 


~The advantage of using such a large amount of urine was that the 


final amount of CaO weighed was much greater than would have been 
obtained by using Neubauer’s method. 

Disadvantages arose, however, from the fact that no control seiko 
were possible, and also that, owing to the large amount of phosphate 
present, some calcium phosphate occasionally came down with the oxalate. 


For this latter reason the ash was tested for phosphate in each case, and, — 


when it was found to be present, the ash was re-dissolved and the 
precipitation of the calcium as oxalate repeated. 

So far as the total output was concerned such precautions might 
have been omitted, for, as is well known, the great mass of the calcium 
- output takes place in the feces, but the urinary calcium was also 
‘ considered important in this case as showing whether the amount. of 
calcium in the circulating blood was increased. It was not thought 
necessary to use charcoal or other means to distinguish the feces of the 


different periods from each other because it is quite probable that: 


calcium and magnesium may be absorbed from the upper part of the 
alimentary tract and excreted soon afterwards by the lower parts in 
advance of the “limiting” agency. The fmces were dried to constant 
weight ; powdered and analysed in 5 > portions, after removal of the 
iron as phosphate. 


Results. Tables I, II, ITT, and IV give the details of the results and | 


the balance in each period. 


Magnesium. The Mg output practically balances the intake in both 
the dogs under the two conditions of experiment. The administration | 


of CaCl, (in Period I1) led to no increased output of Mg, and the increased 
intake of Mg (Period IV) was accompanied by an almost.equally increased 
excretion. In this last period it may be noted that the increased 
excretion was distributed in urine and feces in the same proportion 
ee when less Mg was given. Doubling of ad 
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CALCIUM AND MAGNESIUM EXORETION. 


intake led to doubling of the urinary as well as of the intestinal 
magnesium. The ratio of the Mg in the urine to that of the fmces 
differs in the two dogs, although both were fed on the same meal and 
flesh. Thus in Dog I the Mg in the urine stands to that of the frees as 


1: 8 while in Dog II the ratio is 1 to 4°5. 


Prrrop I. (normal). 
Urine Feeces 
No. Time Mg (grms) No Time dry) Mg 
L 2 days ? | 
IL. 2 » 0764 I. 0°67 
Average per day | 


iil. 499-4 0-78 
Average per day 048 


Intake=0-150, outpat=0-146 = + (balance). 
(normal). 


VIL. 2 V. Q2days 279 0°68 


070 
Average per day 085 


Intake =0°150, output =0-181 = +-019 (balance). 


Prriop IV. (MgCl, given). 


2days  °1494 VI. (163° 1°46 

IX. lost. VIl.> 4 days 31 1-68 

VIit. 160 117 
Average per day O16 


Intake =0°319, output =0°296 = +-029 (balance). 
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186 J. MALCOLM. 
Tamux Il. Magnesium intake and output in Dog II. 
Pentiop I. (normal). 
Urine Faces 
ha No. Time % Mg 
L 2 0579 
I. 2 0613 58 days 45°7 0°72 03273 
Il. 442 0°75 0-8880 
Average per day 030 | 
Intake =0°188, output=0-145= +°048 (balance). 
II (CaCl, given). 
IV. days 0704 | 
Vv. 3, 0689 days 0°84 0°3962 
VL lday 0842 Iv. 452 086 08965 
Average per day 
Intake = 0-188, output =0-198 = — ‘005 (balance). 
III. (normal). 
Vil. 2 days 0678 V. Qhdays 45°2 0°92 -0°4164 
Average per day 0-166 
Intake=0-188, output=0-200= - -012 (balance). 
Peniop IV. (MgOl, given). 
VI. 820 86159 (050095 
VIL 2days 1818 44 days {30-2 1°82 0°5502 
lost vi.) 185 0-3169 
Average per day 065_ 0°306 


Intake =0°365, output =0°371= — -006 (balance). 


Calcium. The calcium balance is not so perfect in either case as 
that of Mg. Thus, in Dog I there is a negative balance of 069 grm., and 


064 grm.in the two normal periods, I and III,=17°/, excess output. In — 


Period II, when the calcium intake was raised by 50°/, (‘894 grm. to 
‘588 grm.) the balance was more perfect, nearly 3°/, being retained. The 
chief interest, however, centres in the last period, IV, when the Mg 
intake was doubled, with the result that the Ca output rose about 33°/, 
(intake ‘394, output.°527), 

In Dog II, the results are somewhat different. In the normal period, 


‘I, there is a + balance of 8 °/,. In Period II the Ca intake was raised — 
40°/, and the output also rises and exceeds the intake by about 12°/,, but 
for some reason this excess output continues over into the next period. 


Owing to the long time necessary for drying and analysing the feces this 
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187 


could not be immediately observed, otherwise this normal period would 
have been prolonged sufficiently to allow of recovery. In spite, however, 
of the removal from the system of loosely stored calcium which must 


have occurred, the administration of MgCl, in the last period, IV, is 


accompanied by a marked negative balance (about 22°/,). In both 
experiments the administration of MgCl, caused a distinct rise in the 
urinary calcium, and this probably means that the percentage of calcium 
in the circulating blood had been increased, and that the excess output 
of Ca was not due simply to the-local stimulation of the intestinal 
tract by the magnesium salt. Such stimulation usually causes a fall 
of urinary calcium (e.g. after cantor oil) while opiates have the opposite 


effect (Rudel 


Taste III. Calcium intake and output in Dog I (weight kilo.). 


Periop I. (normal), 
Urine ; Feces 
No. Time Ca (grms) No. Time | (ary) %y Ca 
2 days 0824 
_ Average per day 019 


Intake=0°894, output =0°463 = 0°069 (balance). 


Psriop II. (CaCl, given). 


IV. 2 days 0316 

0814 

VL 
Average per day 016 


Intake =0°588, output =0°571 = +-0-017 (balance). 


Pzriop III. (normal). 
Qdays 27°9 8°17 


vv. | pe 


VIL. lost 
Average per day (016) 
Intake =0-894, output 0°458= 0-064 (balance). 


| | Perrop IV. (MgCl, given). 
2 days 0527 


VI. 153 2°78 

Average per day 043 


Intake =0-894, output=0-527 = — 0-188 (balance). 


‘ 
4 
‘ 
4° 
4 
2 
‘ 4 
a 
3 
JZ 
| 
Total Ca 
09841 3 
1°6783 
0-444 3 
0-9832 
1°8427 
0°555 
4 
4 
| 
0-8841 
5 
0-442 
-4180 
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Tastx IV. Calcium intake and output in Dog II (weight 9°6 hilo). 
Panton I. (normal). | 
Urine Feces . 


A. 


Time No. Time of, Ca Total Ce 
8°27 1-458 

Averagoperday OF 

Intake =0°480, output =0-541= 0-061 (balanee). 

Prstop IL. given). 
VL iday 0648 IV. 408 18824 
Average per day 035° 
Intake =0°674, output = 0°764= 0-090 (balance). 


Parton III, (normal). 

VIL days. | V. Mdays 452 3-68 1°664 

Average per day 
“Intake= 0-480, output = 0-689 = — 0-209 (balance). 


Pzniop IV. (MgCl, given). 

VIL 2days 0782 VI. 820 2°88 0-9226 
0896 4} days 8-12 09421 


Average perday 042 | 0°543 
Intake = 0-480, = -0°105 (balance). 


The second mode of investigation used was that of dete to 
what extent the administration of magnesium can affect the deposition 
of lime salts in the bones of growing animals’. 

A litter of five young rate was procured and, when eight weeks old, 


were put into separate cages and fed on dog biscuit meal, Two were _ 
used as controls, while the other three were given a small amount of | 


‘MgCl, solution in the water used in cooking their food. After six 


weeks of this treatment: they were killed and the total Ca in eco 


estimated. 
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CALCIUM AND MAGNESIUM EXCRETION. 189 


V, of Mg, on growing Rat 


“ Rat L Iv. 
_ Weight when experiment began 52 68 59 63 72 
Weight when killed — 96 106 105 94 _— 
Total Ca in body 
expected ” 09815 10477 1°1956 


Results (see Table V), At the beginning of the experiment the 
weights were taken for several successive days at the same hour and 
_ then averaged so as to exclude variations due to retained feces or urine. 
The control animals weighed 52 and 63 grms., the others 59, 63, and 72 
respectively. The total calcium was estimated in the dissolved ash of — 
the whole animal, and the figures given are the result in each case of 
two estimations in aliquot portions. | 

The “Ca expected” in the rats treated with MgCl, was calculated - 
from their weights in proportion to that of the control animals at the — 
beginning of the experiment. Thus Rats I and II had a combined 
weight of 115 grms. and together yielded 19125 grms. Ca at the end of 
the experiment. In the same proportion, Rat III, which weighed 
59 grms. to start with, and which received the same food in similar 
quantity, ought to have yielded 0°9815 grm. Ca, whereas only 0°8740 
was found = 10°/, less. In Rat IV there was a deficit “ i */, and in 
Rat V, 

Another method of examining the results would be to compare the 
percentages of Ca in the animals at the end of the experiment, but this 
is less accurate, for the whole body-weight may have been affected by 
the experimental conditions. These experiments, then, show a distinct 
diminution in the retention of calcium when the young animal receives 
a certain amount of soluble magnesium salts in its food. 

Although in the literature of calcium metabolism there are no 
direct references to the subject under consideration, there are some data 
published by Weiske™ in 1894 which give support to the results of the 
above experiments. In an investigation on the question of how far 
other earthy metals may replace calcium in growing bone, Weiske did 
a series of experiments on a litter of young rabbits, two of which are of — 
importance here. One, Rabbit I, received 1 grm. CaCO, daily for three 
months in addition to its food (oats). The other, Rabbit IV, received 
1 grm. MgOO, daily for a similar period, the food being the same. 
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The rabbits were then killed and the bones were carefully analysed. 
The weight of dried and fat-free bone in I was 77°45 grms., in IV 69°52, | 
the body-weights of the two being almost equal at the time of death. 

The amount of CaO in the skeleton of I= 25:13 grms., in IV it 
amounted to only 17°62 grms., thus showing a striking diminution. There 
was @ greater amount of organic matter in the bones of IV than of I. 

- The same diminution is to be observed in two other rabbits of the 
same series, one of which was given strontium carbonate and the other 
oats alone. . 


SuMMARY. 


Considerable evidence is brought forward to show that the ingestion — 
of soluble magnesium salts causes a loss of calcium in adult animals 
and hinders its deposition in young growing animals, while soluble 
calcium salts do not in the same way affect the excretion of magnesium. 


The expenses of the research have been defrayed by grants from the 
Moray Research Fund of this University. 
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THE POST-NATAL CHANGES IN THE THYMUS OF 
GUINEA-PIGS, AND THE EFFECT OF CASTRA- 
TION ON THYMUS STRUCTURE. By ALEXANDER 
GOODALL. (Four ae in Text.) 


(From the Laboratory of the Royal College of Physicians, Edinburgh.) 


It has recently bean shown by Henderson” that. castration in cattle, 
rabbits and guinea-pigs causes a persistent growth and a retarded 
atrophy of the thymus gland. 

During the course of a research by Dr Noél Paton and myself ®, ® 
a large amount of material has accumulated in the laboratory, giving 
me an opportunity of ascertaining whether Henderson’s results ‘as 
regards the size of the thymus have any. relationship to histological 
structure. At the outset I was met with, the difficulty that the thymus 
in normal animals shows great diversity in histological characters 
according to age. A necessary preliminary study, therefore, was the 
changes which normally occur in the thymus. As the series of specimens 
derived from guinea-pigs was practically complete, I have confined 
myself to observations on these animals. 
| Methods. The thymuses had either been removed under anesthesia 
by Dr Noél Paton during life, or were removed immediately after 
death. The weight of the animal and the weight of the thymus were 
noted, The specimens were fixed in formal-alcohol, cut in paraffin, and 
stained with methylene-blue and eosin, iron hematoxylin, and hematein 
and eosin, In the'case of the castrated animals the operations had 
been performed under full anesthesia by Dr Noél Paton before the 
animals were a week old. ) 

In the guinea-pig, the thymus at all stages has the following 
characters. It consists of two lobes situated entirely in the neck. 
Each lobe is subdivided by means of a small amount of fibrous tissue, 
more or less fatty, into lobules. In median longitudinal section about 
30 such lobules are visible to the naked eye; in cross segiign,at the 
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broadest part about 20. In stained sections each lobule shows a lightly 
stained central area and a more deeply stained cortex. 

As Schedel® has pointed out, germ centres as seen in lymph 
glands and spleen do not exist in the thymus. Schedel further holds 
that cell-division (indirect) occurs mainly in the cortex. I consider 
that each lobule is comparable to a typical germ centre. Mitotic 
figures are numerous, and the lymphatic vessels around the lobules 
contain a large number of lymphocytes, and from these facts, along 
with the observation of Dr Noél Paton and myself™, that removal 
of the thymus causes a slight leucopenia which persists while the 
thymus is active, may be taken as proof that the thymus is a source of 
lymphocytes of considerable importance. _ 

In the centre of each lobule one or more Hassall’ . corpuscles may 
be found. | 

For further examination T have classified the — as follows. 


Normal Animals, 
Limits of weight Number of of 


Series of animal animals observed Thymus — 
1 Under 100 grms, 3 12 
| (Under week old) | | 
2. ~=—s-: 100 to 150 5 141 156 111 
(Under 14 days old) | 
8. 150 to 200 grms. 12 173 258 "136 
(Under a month old) 
4. 200 to 800 grms. 12 251 “294: 109 
(About 2 months old) 
5. Over 800 grms. 8 419 "894 09 
_ (Over 2 months old) | 
B, Castrated Animals. 
6. Over 300 grms. 4 879 582 "15 
b, Females. | 
7. Over 300 grms. 5 646 


Series 1 AND 2. GUINEA-PIGS WEIGHING UNDER 150 


At this stage the lobules are never invaded by fat. The Leshphisieton 
are not very densely packed, and the reticulum is fairly evident. The 
cortical and medullary portions of the lobules are distinct, but: the 
cortical area is not very large, 

_ Hassall’s corpuscles are numerous and einaa Typical : “ concentric 
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In the medullary. portions of the lobules irregularly shaped islands 
of squamous epithelium may be seen. In many cases these are lying 
among the lymphocytes with no definite arrangement (Figs. 1 and 3 e). 
Occasionally long strands of epithelium may extend almost from end 
| to end of the medullary portion. 

A more common appearance is a large rounded mass of degenerated 
| epithelial cells. In some cases, round these larger masses, the fibres 
of the reticulum of the lymphoid tissue may form an apparently homo- 
geneous membrane; in some cases its cells may form a definite endo- 
thelium. Bunting has recently shown that the cells of the reti-. 
culum form an endothelium in lymphatic glands. The masses of 
epithelial cells in Hassall’s corpuscle become invaded with polymorpho- 
nuclear leucocytes, and later by lymphocytes. These leucocytes cut off 
layers of epithelium, and both epithelium and leucocytes degenerate, — 
and the latter soon lose their psendo-eosinophil granulation. 

In some cases the leucocytes cut off a central mass of cells which 
rapidly degenerate as their source of nutrition has been cut off, while 
the epithelium of the outer part of the epithelial perle (Gulland®) — 
remaining in contact with the lymphoid tissue, remains for a longer 
time undegenerated. As the central degenerated mass stains with acid 
dyes, this appearance has given rise to the view that the Hassall’s 
corpuscles are blood vessels whose endothelium has proliferated, con- 
taining fused and degenerated blood corpuscles (Afanassiew™). This 
view has been contested by Watney”. Vessels may be seen in re- 
lationship with the Hassall’s corpuscles, and may degenerate with 
them, but the masses of epithelium are altogether outside them. 

_ This appearance has also been interpreted as the presence or per- 
sistence of ducts in the thymus (Schambacher®). The interpretation — 
occasionally gains in plausibility from the fact, that in a few cases the 
central necrosed mass may have altogether disappeared from the section. 
Both these views, however, absolutely fail to account for the presence of — 
compound concentric bodies. 

Instead of cutting off only one more or less central mass of epi- 
thelium, the polymorphonuclear leucocytes may cut off several such 
masses, which will later become concentric corpuscles, and thus we may 
find a large Hassall’s corpuscle rine containing three or four smaller 
corpuscles within itself. 

Wallisch® has recently shee that the total volume of the 
Hassall’s corpuscles in young children, up to the age of six months, 
is om than the total volume of the whole thymus in a three months | 
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embryo. He: therefore objects to the view that the corpuscles are epi- 
thelial “ rests” (Stieda™), and also holds that this view fails to explain 
the concentric form of the corpuscle. So long as the epithelial island 
is intact, there is no reason why it should not grow in proportion to the 
rest of the organ, and in the first stage of leucucyte invasion it may 
further gain in volume. The concentric character of the corpuscle, 
as seen on section, necessarily arises from the fact that large squamous 
cells are separated by leucocytes, and compressed by the surrounding 
adenoid tissue. A simple concentric corpuscle will eventually be formed, 
whether it has passed through a “compound” stage or not. 

Source of the granular leucocytes. The appearance of numerous 
granular leucocytes in the neighbourhood of the Hassall’s bodies has 
given rise to the view that these cells are formed in = thymus 
(Schaffer™, Beard ™). 
_ The polymorphonuclear cells. (pseudo-eosinophils) found in the 
Hassall’s corpuscles are mostly degenerated. They are certainly not 
formed there and can quite readily be traced in from the vessels in the 
neighbourhood. Thus the post-natal thymus is not capable of itself 


epithelial island into } ghich a polymorphonuclear leucocyte has wandered. 


producing those celis which are requisite for the removal of the epithelial 
_ Masses it” ins. As the present research does not deal. with the 
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embryo thymus I am unable to controvert the view that the thymus 
produces granular or polymorphonuclear leucocytes, but I think its 
indications are much more in favour of the views of Bryce™ who has 
recently found that granular leucocytes are present in lepidosiren before 
the thymus contains lymphoid elements. 


ANG 
ory 


Fig. 2. Large Hassall’s corpuscle from a guinea-pig on day of birth. Polymorpho- 
nuclear leucocytes have invaded and broken up the epithelium. The central cells 
have degenerated (they are stained deeply with cosine). On the left side a 
‘*eoncentric corpuscle” is being formed. 


SERIES 3. GUINEA-PIGS WEIGHING FROM 150 To 200 GRMs. 

In this group the intralobular fat is increased but the lobules are 
not encroached on. The interlobular fibrous tissue is more vascular. 
The cortical area is relatively larger and the lymphocytes seem more 
densely packed. 
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196 | A. GOODALL. 
_» A few: specimens show unaltered epithelial islands but the majority 
of the Hassall’s corpuscles show infiltration with polymorphic leucocytes. 
Along with these large Hassall’s bodies small concentric corpuscles are 
seen in the medullary portion of many of the lobules. These may be 
simple or compound according to the nature of the leucocyte invasion, 
and if the original island of epithelial has been small a simple concentric 
 Hassall’s corpuscle is formed at an early stage. | 


Senres 4. GUINRA-Plos WEIGHING From 200 TO 300 Gams. 


The fibrous tissue is still more vascular. The interlobular fat is 
increased and may slightly encroach on the lymphoid tissue. : 

There are no uninvaded epithelial islands. Many of the Hassall’s 
corpuscles are still large and show great leucocyte invasion. Concentric 
corpuscles are numerous, 


Fig. 8. From guinea-pig weighing 170 grms. ¢. Islands of squamous epithelium. 
Also shows infiltrated and degenerated epithelium and formation of simple and 
compound concentric corpuscles, 


‘Series 5. QUINEA-PIGS WEIGHING OVER 300 GRMs. 


~ In animals between 300 and 400 grms. the appearances are practically 
identical with those of the last group, but after the animal has attained: 
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of weight of 400 grma, the thymus begins to undergo a marked ee 


which is very well marked in animals over 500 grms. 

Three of the animals over 500 grms. (average 533) had an pei 
thymus weight of ‘15 and an average percentage weight of only 03. In 
the older animals there is great fatty encroachment so that the thymus 


_ lobules are widely separated and some of them show an arrangement of 
lymphocytes between the fat cells like the arrangement in bone marrow. 


In the latter no trace of Hassall’s corpuscles can be found. Wherever 


- masses of lymphoid tissue persist, uninvaded by fat, the arrangement 


into a cortical and medullary portion persists and in the medulla small 
concentric corpuscles can frequently be found. : 


SERIES 6 AND 7. CASTRATED ANIMALS WEIGHING OVER 300 GRMS. 


No essential difference exists between the thymus of the males and 


that of the females. The whole organ shows increased vascularity both 


in the interlobular fibrous tissue and in the lymphoid tissue. The inter- 
lobular fibrous tissue is fatty, but there is no fatty invasion of the 
lymphoid tissue, The lobules are large. The cells seem tightly packed 


and there is a wide cortical zone. The Hassall’s corpuscles are for the 


most part large and show polymorphonuclear leucocyte infiltration. 
There are some areas of unaltered epithelium and a few small concentric 
corpuscles—in a word the arrangement of Hassall’s corpuscles is precisely 
that described in the case of — weighing between 150 and. 200 
grms, (Series 3). 

_ It would therefore appear that castration causes a intestine sad an 
actual increase of the activity of the growth of the lymphoid tissue in 
the thymus and at the same time produces a retardation of the process 
of disintegration of the epithelial islands, so that for the age of. the 
animal, the Hassall’s corpuscles appear unduly large and unduly 
numerous, How long this persists the of 
further 


1, guinea-pigs the thymus at birth consists of of adenoid 


tissue containing islands of squamous epithelium, many of which are 


invaded by polymorphonuclear leucocytes. 

2. This invasion results in cutting off masses of epithelium from 
their source of nutrition, hence they rapidly degenerate and form a 
concentric Hassall’s corpuscle. 
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8. If only one mass is thus cut off, a simple Hassall’s corpuscle will 


result ; if several such masses, a compound corpuscle which may for long 
remain surrounded by one or more of the peripheral layers of epithelium 
which have not been cut off from the lymphoid reticulum and henee do 
not degenerate. 


4. As has been shown by others, with advances in age of the 


animal the Hassall’s corpuscles become small and largely disappear, 
while the lymphoid tissue diminishes and becomes to a great extent 
replaced by fat. : 
 §, The post-natal thymus is a source of lymphocytes, but does not 
produce pseudo-eosinophil or eosinophil leucocytes. 
6. I canconfirm Henderson’s observation that castration produces 
a persistent growth and a retarded atrophy of the thymus in guinea-pigs. 
7. This is due, histologically, to a persistent growth of the lymphoid 
tissue, a delay of the fatty invasion and a delay in the process of disinte- 
gration of the epithelium composing the Hassall’s corpuscles. 


The expenses of this research were defrayed by grants from the Mason 
Fund of the Laboratory and from the — 
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THE FRACTIONAL HYDROLYSIS OF OPTICALLY 
INACTIVE ESTERS BY LIPASE. PART I. By 
DAKIN. 


(From the Laboratory of The: Lider 
‘of Preventive Medicine.) 


IN previous communications’, it was shown that if an optically inactive 
ester such as methyl-mandelate be partially hydrolysed by the enzyme 
lipase, the mandelic acid liberated is strongly dextro-rotatory whilst the 
residual ester is correspondingly laevo-rotatory.. The mandelic acid 
resulting from complete hydrolysis is of course completely inactive and 
may be almost quantitatively recovered. It is thus clear that the 
dextro component of the ester is hydrolysed more rapidly than the laevo 
component, and this necessitates the conclusion that the hydrolysis is 
indirect, for the production of optically active products requires the 
intervention of some asymmetric substance. 

It is well known that in ordinary chemical reactions when optical 
- isomerides separately combine with the same structurally asymmetrical 
substance they may do so with unequal velocity, and conversely the 


products formed by such reaction, since they are no longer optical 


opposites, may also undergo further change at unequal rates*. By 
analogy, it was therefore concluded that the enzyme lipase—or 
conceivably some substance intimately associated with it—was a power- 
fully optically active substance and that definite chemical union took 
place between it and the ester undergoing change. If the ester con- 
tained an asymmetric carbon atom, the additive compounds formed 


between the dextro and laevo components of the ester and the enzyme 


would not be optical antipodes, and therefore the rate of combination 
of the enzyme with the two optical components may be different, and 
further the rate of decomposition of the two additive compounds may 


again be unequal and thus account for the production of optically essai 


products as a result of partial hydrolysis. 


For example, if the enzyme (¢) be assumed, for purposes of illustration, | 


1 Proc. Chem. Soc. x1x. p. 161. 1908 ; Journ. Phys. xxx. p. 253. 1903. 
2 Op. Trans. Chem. Soc. uxxxv. p. 1514, 1904. 
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to be dextro-rotatory and the two components of the inactive ester be 


represented by +S and — S, the two additive compounds formed by union 
of the ester and enzyme would be (+ ¢, +9) and (+¢,—S). These two 
compounds are clearly not optical opposites and therefore may be formed 
and undergo change at different rates. The optical opposite of the first 
complex would obviously be (— e,— 8), and of the second (—e, + 8). 

In the previous communications the hydrolysis by means of lipase of 
the methyl, ethyl, tso-amyl, and benzyl esters of mandelic acid was 
studied’, The investigation has now been extended in two directions: 

(a) The hydrolysis of esters structurally allied to mandelic ester. 

If, as is assumed, the course of the hydrolysis of inactive esters by 
lipase is influenced by the configuration of the complex molecules 
(enzyme + deatro or laevo ester) one would expect that the hydrolysis 
of closely related esters would give in the main similar products. Thus, 
for example, the partial hydrolysis of all the esters of mandelic acid so 
far examined has yielded a dextro-rotatory free acid together with a 
residue of laevo-rotatory ester. Starting from active mandelic acid it is 
_ possible to prepare two sets of derivatives both of which possess a 
“similar configuration” but which differ in sign of rotation, Thus 


dextro-mandelic acid gives on the one hand deatro-phenylethoxyacetic — 


acid but laevo-phenylchloracetic acid on the other, and both. derivatives 
may be reconverted into dextro-mandelic acid’. 
Some of these relationships are shown in the following scheme : 


\\ 
deztro-mandelic acid 
H(OH).CO,H 
C,H, C HBr00,H C,H,.C H(00,H,)00,H. 


4 Fischer and Bergell (Ber. d. Deutsch. chem. Ges. xxxm. p. 2592, 1903) have 
recently described a reaction which appears to resemble the selective hydrolysis of opti- 


cally inactive esters, Oarbethoxyglycyl-leucine, prepared by condensing carbethoxyglycine — 


- with racemic leucine, was digested with trypsin. After digestion the solution became 
dextro-rotatory and contained an oil which was probably carbethoxyglycyl-d-leucin 


together with leucine which was apparently a mixture of the laevo and inactive acids. 
The mechanism of the hydrolysis of polypeptides by trypsin and of esters by lipase may 
therefore be essentially similar. 

* Op. Walden, Ber. d. Deutsch. chem. Ges. xxvii. p. 1295. 1895; M°Kenzie, Trane. 
Chem. Soc. uxxv. p. 758. 1899. 
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It was therefore anticipated that the partial hydrolysis by lipase of 
esters of phenylethoxyacetic acid and of phenylchloracetic acid would 
yield a dextro-rotatory acid in the former case but a laevo-rotatory acid 
in the latter. This was found to be so and like results were obtained 
in several other similar cases. The main results are shown in the 
following table : | 

Sign of Rotation of 


Methyl-mandelate + ee 
Ethyl + 
Iso-amyl + 
Benzyl re + 
Methyl-phenylchloracetate + 
ethyl-phenylbt tate — (2) + 
Ethyl-phenylehloracetate + 
Ethyl-phenylb cetate — (?) + 
Methyl- phenylmethoxyacetate + - 
Ethyl-p 1 1.41. Oxy + 


It therefore appears that in the fractional hydrolysis of a series of 
allied inactive esters, the components which are most readily attacked © 


, possess a similar configuration but not necessarily a similar sign of 


rotation. In this connection the fact may be recalled that when a 
series of inactive acids is resolved by means of the biological method, 
using the same organism throughout, the active products obtained 
generally have a similar configuration’. 

(b) The hydrolysis of inactive esters in which an asymmetric 
carbon atom is present in the alkyl group. 

It might be suggested that the production of optically active 
substances in the reactions under consideration might not be due to 
a combination of the enzyme with the ester as a whole, but to the 
combination of the enzyme with the acid liberated by the decomposition 
of the ester. Although there are no grounds for assuming that the 
latter reaction does not take place, yet it appears certain that both 
alkyl and acyl groups—and hence probably the ester molecule as a 
whole—combine with the enzyme, since a selective hydrolysis is ob- 
servable irrespective of whether the asymmetric carbon atom is situated 
in the acyl or alkyl group. Thus, for example, the products of the 
partial hydrolysis by lipase of the acetate of phenylethylcarbinol 
were distinctly laevo-rotatory. 


1 Harden and M*Kenszie. Trans. Chem. Soc. uxxxm. p. 424. 1908. 
14—2 
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A few experiments on the hydrolysis of aliphatic esters by lipase 


have not yielded nearly such positive results as the aromatic esters have 
given. So far di-ethyl aspartate, ethyl bromisovalerate and methy! 
racemate have been hydrolysed. The practical difficulties of working 
with the aliphatic esters is much increased by their comparatively 
small optical rotations, and in addition it may well be: expected that 
the two optical components of the inactive esters of this class would 
- not show such a different rate of hydrolysis as is the case with the 
aromatic esters. 


EXPERIMENTAL. 


The lipase solution used in the following experiments was prepared 
from pig’s liver. The fresh organ was minced, mixed with kieselguhr 
and the juice obtained by means of an hydraulic press. The liquid 
thus obtained is rich in lipase and may be preserved for several weeks 
if kept on ice. The liquid is faintly acid and the acidity slowly 
increases with age. Owing to the extremely unstable nature of the 


enzyme it has not yet been found possible to even roughly purify the — 


ferment, but special blank experiments showed that under the existing 
conditions, the products of hydrolysis isolated by the method to be 
described did not contain impurities sufficient to show a measurable 
rotation. | 

In the majority of experiments, the liver-juice was diluted about 
twenty times, and the resulting solution was vigorously shaken with 


one to two grams of the ester to be hydrolysed. It has not been found 


practicable to work with the much larger amounts of substance which 
one would by preference employ, partly, I believe, on account of the 


“poisoning” action of the esters. A small quantity of chloroform was 


usually added as antiseptic, but care had to be taken to avoid excess 


_ as otherwise the bulk of the ester was withdrawn from the sphere of 
action of the enzyme. Control experiments were always carried out in 
which the enzyme was destroyed by boiling before the ester was added. ’ 


It was found convenient to carry out the reactions at about 20°. 


Hydrolysis proceeded more quickly at a higher temperature, but on. 


the other hand the enzyme was more rapidly destroyed, so that no 
ultimate advantage was obtained. 


It was found essential to shake the mixture of enzyme solution and 


ester very vigorously, for otherwise, at least in the case of the sparingly 
soluble esters, very little hydrolysis took place. Within a short time of 
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the commencement of the experiment a proteid precipitate was usually 
thrown out of solution owing to the accumulation of free acid and this 
was of great assistance in keeping the ester in a finely divided con- 
dition. The reaction was usually allowed to proceed for 12—36 hours 
and the amount of hydrolysis was determined by titrating with standard — 
alkali aliquot parts of the solutions from. both the actual and control 
experiments. The products of hydrolysis were usually extracted with 
chloroform or ether as solvents, and after separation into acid and ester 
fractions their alcoholic solutions were examined in the polarimeter. 
It must be clearly understood that the rotations measured are merely 
recorded to show whether a distinct resolution into active substances, 
has been effected or not. The experimental difficulties of isolating 
such small quantities of esters and acids from such a complex enzyme 
_ solution are so great as to render the results of little quantitative value. 
The difficulty of complete extraction of the substances from solutions 
containing proteids ‘is very great, and further it is extremely difficult — 
to avoid further ee of the ester remaining unattacked by the 
enzyme, 

Preparation and hydrolysis of methyl-phenylohloracetate. Phos- 
phorus pentachloride (1 mol.) and mandelic acid (1 mol.) were heated 
together at a temperature gradually rising from 70-130°. The re- 
sulting liquid was fractionated im vacuo. The portion boiling at 
120-140° is somewhat impure phenylchloracetyl chloride. On boiling 
this with methyl alcohol and purifying the product in the usual way, 
pure methyl phenylchloracetate boiling at 129-130° under 15 mm. 
pressure is readily obtained. The yield is about seventy per cent. of 
the weight of mandelic acid employed. 

_ Two grams of the ester were added to 250 cc. of 5°/, lipase solution 
and hydrolysis was allowed to proceed until about 37 °/, of the ester was 
decomposed. The liquid was then extracted with ether in a continuous 
extractor. The ethereal solution containing both the unchanged ester 
and acid was shaken with 5 c.c. normal sodium carbonate solution and 
the still alkaline liquid at once separated and acidified with sulphuric 
acid. The acid liquid was then re-extracted with ether, the ether 
removed and the residue dissolved in absolute alcohol. The solution 
was then clarified by shaking with charcoal, filtered and examined in 
the polarimeter. A rotation of —°51° was observed. The ethereal 
solution containing the unchanged ester was concentrated, and the. 
alcoholic solution showed a rotation of +1°01°. 
Ethyl phenylchloracetate. ‘This substance was prepared in the same 
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way as the methyl ester by boiling phenylchloracetyl chloride with ethyl 
alcohol. 1°5 grams of the ester were shaken with 250 c.c. of 5°/, lipase 
solution until about 50°/, had been hydrolysed. The unchanged ester, 
isolated as in the previous case, had a rotation of +°42°. The phenyl- 
chloracetic acid was neutralized by soda and showed in — 
solution a rotation of —°22°. 


Preparation and hydrolysis of methyl phenylbromacetate. The 


preparation of this substance in the pure state gave some little diffi- 
culty, but eventually a convenient method was obtained. The reaction 
between mandelic acid and phosphorus pentabromide is not nearly so 
smooth as is the case with pentachloride’, and the impure phenyl- 
bromacetylbromide yielded on treatment with methyl alcohol an ester 
which boiled at too low a temperature. Christomanos* has shown that 
phosphorus and bromide react quietly when brought together in the 
presence of benzene, and this fact was made use of in the present case. 
Moreover instead of acting upon mandelic acid and obtaining the acid 
bromide it was found far better to act upon methyl mandelate with 


phosphorus tribromide. The details are as follows : phosphorus (1 mol.) 


is well covered with dry benzene and bromide (3 mols.) added drop by 
drop with cooling. The reaction is quite moderate and free from danger. 
Methyl mandelate (3 mols.) dissolved in benzene is then added by degrees. 


A vigorous reaction takes place which is completed by heating upon 
the water-bath for some time. The cooled liquid is then cautiously — 
_ washed with water, dried over calcium chloride and fractionated. 
Methyl phenylbromacetate distils at 155~157° under 26 mm. pressure 


_ and the yield is equal in weight to the methyl mandelate taken. 

Two grams of the ester were vigorously shaken with 250 cc. of 5°/, 
lipase solution till slightly over 50°/, had been hydrolysed. After 
extraction the unchanged ester had a rotation of +1°52°. The free 
acid, after separation, was practically inactive, this being in all proba- 
bility due to its being decomposed by the treatment with alkali, since 


the sodium salt of phenylbromacetic acid is extremely unstable 


Ethyl phenylbromacetate. This substance was prepared in the same 
way as the methyl ester by acting upon ethyl mandelate with phos- 


phorus tribromide in benzene solution. The vapour of both esters is — 


extremely irritating. One gram of the ester was dissolved in a little 


spirit and then well shaken with 200 cc. of 24%/, lipase solution until 


about sixty per cent. of the ester had been decomposed. The unchanged 


1 Op. Helland Weinzweig, Ber, d. Deutsch. chem. Ges. isa th 1895. 
3 Ber; d. Deutsch. chem. Ges. xxxvit. p. 2883. 1903. 


é 
4 
& 
2 
| 
: 
. 
* 
Am 
. 
an 
| 
Waa 
ig 
a 
2H 
3 
ia 
7 
» 
THe 
‘ 


4 


LIPASE AND ESTERS. 205 


ester on subsequent extraction with ether showed a rotation of +°50°, 
whilst the free acid, as in the case of the methyl ester, was almost 
inactive. | 

Methyl phenylmethoxyacetate. This ester was prepared by the action 
of silver oxide and methyl iodide upon mandelic acid’, one gram of the 


‘ester was hydrolysed to the extent of twenty-five per cent. by shaking 


with 200 c.c. of lipase solution. The recovered ester was laevo-rotatory 
—*22°, whilst the free acid had a rotation of + ‘26°. 

Kithyl phenylethonyacetate. This ester was prepared according to 
M°Kenzie’s directions (loc. cit.). One gram was shaken with 200 cc. of 
lipase solution until about seventy per cent. had been decomposed. The 
unchanged ester was laevo-rotatory whilst the free acid showed a dextro- 
rotation of + 1°18”. 

Phenylethylearbinol acetic ester. Phenylethylcarbinol was prepared 
according to Grignard’s directions by acting upon benzaldehyde with 
magnesium ethyl iodide. The acetic ester of this alcohol is not very 
readily attacked by lipase, and the difficulties of the experiment were 
increased by the fact that no simple method for the separation of the 
small quantities of alcohol and unchanged ester could be found. How- 


_ ever, in one experiment, two grams of the ester were hydrolysed to the 


extent of twenty-five per cent. by 300 c.c. of 5 °/, lipase solution, and on 
extracting the liquid with chloroform the mixed products of the reaction 
were found to show a laevo rotation of —‘31°. Whether this rotation 
is due to phenylethylcarbinol or to its ester is not yet clear, but the 
result is sufficient to show that a selective hydrolysis had taken place. 


SUMMARY. 


(1) The partial hydrolysis of the inactive esters of mandelic acid 
and its alkyl derivatives results in the production of a dextro-rotatory 


free acid and a laevo-rotatory residue of unchanged ester. In the case 


of the derivatives of mandelic ester in which the hydroxyl group is re- 
placed by a halogen atom a laevo-rotatory free acid is formed together 
with a dextro-rotatory residue of ester. The results are in agreement 
with the explanation offered in a previous paper, and further show that 
when a series of allied optically inactive esters is hydrolysed by lipase 
the active components which are most readily attacked possess a 


1 M*Kenzie. Trans. Chem. Soc. uxxv. p- 753. 1899. 
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similar molecular configuration but not necessarily the same sign of 
rotation, . 
(2) The partial hydrolysis of an optically inactive ester, in which ff 
the asymmetric carbon atom was situated in the alkyl portion of the § 
molecule, instead of in the acyl group as in the other esters examined, 
also yielded optically active products, showing that the enzyme combined 
both with the acyl and alkyl portions of the ester molecule and sence . 2 
presumably with the ester molecule as a whole. : ee 4 a 
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- OBSERVATIONS UPON FIBRIN-FERMENTS IN THE 


VENOMS OF SNAKES AND THE TIME-RELATIONS 
OF THEIR ACTION. By C. J. MARTIN, MB, DSc. 
F.RS., Director of the Lister Institute of Preventive Medicine. 
(One Figure in text.) 


In 1893" I found that 0001 grm. per kilo or upwards of the venoms of 
two Australian snakes, Pseudechis porphyriacus and Notechis scutatus, 
when introduced into the blood stream of dogs, cats and rabbits caused 
intra-vascular clotting. This action also occurs when the snake 


| discharges a relatively large amount of venom into small animals, as 


when seizing frogs or mice as prey, but is not a usual phenomenon of 


poisoning by these snakes in man, for reasons which I have discussed 


elsewhere ®, 
On further study I found that still smaller quantities produced 


a transient increase followed by diminished coagulability and in-some 


cases prevented clotting indefinitely. In this and in some other respects 
the effects of venom upon coagulation were so closely analogous to those 
discovered by Wooldridge to follow nucleo-proteid injections, that I 
was at the’ time inclined to interpret the Phenomena I was studying 
as really occasioned. by the setting free in some way of such sub- 
stances. — 

Some years later (1903) Lamb™ pointed out that the addition of 
the venom of Vipera russellii to citrate plasma produced clotting im 
vitro. These experiments of Lamb indicated a much simpler explanation 
of the phenomenon, and led me to the conclusion that my previous 
interpretation was erroneous. 

: Subsequently Lamb® found the venom of Echis carimatus, another 
Indian viperine snake, to be much more effective than Daboia poison in 
producing clotting of citrate plasma and that it also clotted oxalate 
plasma. On trying the effect upon oxalate plasma of the venoms of 
Notechis scutatus and Pseudechis porphyriacus and of the poisons of 
Echis carinatus and of Vipera russellii, kindly sent me by Capt. Lamb, 
I found that the power of the three first greatly exceeded that of Vipera 
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russellit. The small quantity of Notechis venom necessary to produce 
clotting is very striking, as is instanced by the following experiments :— 


To 2¢.c. oxalate plasma (dog) was added 1 drop= ‘017 c.c. of solution of venom of 
the following strengths, and the mixture placed in a bath at 40°C. 


1% = 00017 grm. Clotted in less than 1 minute. 
01 000017 ,, Clotted in less than 1°5 minutes. 
001 0000017 ,, Clotted in less than 15 minutes. 
0001 °/,= 00000017 ,, Clotted in less than 10 hours. 
00001 °/, Permanently fluid. 
Control Permanently fluid. 


As a considerable part of the solid matter in venom consists of 
substances which have not this action, the small quantity ——" 
certainly surprising. 


The venom of another colubrine snake, Pusaiabis porphyriacus 


(the Austraiian black snake), is nearly equally active and a sample of 
the venom of Hchis carinatus tested in the same way possessed from 
4 to }# the potency. The venoms of many viperine snakes contain 
substances possessed of similar powers in varying degree, for Noc™ has 
observed the same action with the venoms of four species of Lachesis. 


These venoms appear to contain veritable fibrin ferments and their clot- | 


ting power is not due to their action upon prothrombins or thrombogens 
contained in the plasma as the presence of calcium ions is unnecessary. 
They clot 10°/, oxalate plasma.as rapidly as ‘2°/, and the action is the 
same upon oxalate, citrate, fluoride and magnesium sulphate plasma, 
and also upon hydrocele fluid and solutions of fibrinogen prepared from 
the horse by Hammarsten’s process. | 
Properties of the ferment Solution. The ferment contained in the 
venoms does not appear to be used up in the process. If 5 cc. of 
plasma be clotted with one drop of 1 °/, solution of venom and the clot 
removed, and to the serum another 5 c.c. of plasma.be added, this is 
clotted. This can be repeated four or five times, coagulation occurring 
more and more slowly with each successive addition. The experiment 
cannot be repeated indefinitely, nor so many times as would be expected 


from the calculated minimal clotting dose, as presumably each successive 


‘crop of fibrin carries away adsorbed ferment. 

Heating ‘1°/, solution of venom to 75°C. for 10—15 minutes completely 
destroys this ferment action and, as found by Lamb, the destruction 
occurs the more quickly the weaker the solution. It is also slowly 


destroyed in water at and more the 
the dilution. 
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. The ferment dialyses slightly, and when a ‘01 °/, solution of venom is 
filtered through 8°/, gelatine” the filtrate possesses about y},th of the 
ferment-power of the original solution. 

Specificity. The clotting ferments contained in different venoms are 
not identical. The serum of a horse immunised with the poison of 
Notechis scutatus contains an anti-ferment which neutralises the ferment 
in this venom. Thus 0°1 c.c. of a serum, for which I am’ indebted to my 
friends Dr Ashburton Thompson and Dr Tidswell of the Board of 
Health, N. 8. Wales, proved, when tested against the corresponding 
venom, to be capable of neutralising upwards of 10,000 minimal clotting 
doses for 1 ¢.c. of plasma. 

It was equally effective against the ferment in the poison of Pseudechis 
porphyriacus, another Australian colubrine snake, but 200 times the 
quantity was without effect upon the ferment of Echis carinatus, an 
Indian viperine ‘snake. 

It had no neutralising action against Schmidt's or Hammarsten’s 
fibrin ferment solutions, nor does it influence in the least the clotting of 
oxalate plasma on the addition of calcium ions. 

The oxalate plasma of an animal immunised with the venom of 
Notechis requires, as might be expected, considerably greater quantities 
of the ferment (200—300 times) to produce clotting. 

This specificity is not surprising in view of the multiplicity of fibrin 
ferments shown to exist by Bordet and Gengou® and Morawitz®. 

Time relations of the ferment action. Effect of temperature on the 
rate of action. 

I have determined the effect of temperature on the coagulation rate, 
between the’ temperatures 6°3°C. and 40°C. The observations were 
made with -4°/, fluoride plasma and ‘01°/, solution of the venom of 
Notechis. The temperature during the experiments was kept constant 
by inserting all the solutions in a water bath. — | 

The following are the values obtained : 


40° Time "Temperntare 10° ‘Time a17 


These are expressed graphically in Fg. 1; here it is seen that the fall 
in velocity between 40° and 30°C. is small, between 30° and 15°C. con- 
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siderably greater, and that between: and 6° C, the 
— increases very 
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on action. Fluor plasma dog. 


| Effect of quantity of ferment upon rate of action. The influence of 
quantity of ferment upon the time of coagulation has been studied by 
Fuld™ and Fuld and Spiro™. Fuld used turkey or goose plasma 
prepared by Delezenne’s® method and an extract of muscle in 
*8°/, NaCl solution as ferment. 


Fuld found, in a particular instance, that doubling the quantity of 


ferment solution increased the velocity one and a a times and — | 


this fact by the following equation :— 


(585 = = 


quantity of ferment which will clotting : in. 
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time y and a, quantity in time y,; 2, being seins as the unit or 
for purposes of calculation disappears. 
On employing this formula to calculate the. dotting times in a series 


of experiments Fuld found an extremely good agreement between 


calculated and observed ee In his later experiments Fuld 
evidently found that the ratio not always represent the relation 


_ of velocity increase to ferment increase, so that ‘585 in the above equation 


should be replaced by a constant, the value of which must be _— 
for each plasma. - 

My own experiments were made in a very simple manner. I used 
oxalate plasma of the sheep and dog, obtained by drawing blood into an 
equal quantity of ‘8°/, NaCl solution containing 4°/, of oxalate of 
potassium and centrifuging off the corpuscles. In every case the 
volume of fluid was identical and amounted to 1°17 cc, i¢. 1 ae. of. 
plasma and 10 drops of mixed venom and saline from a particular drop- 
pipette. The venom solution and saline were carefully placed in the 
bottom of a dry test-tube without wetting the sides. To this was added 


the 1 c.c. of plasma and at the moment the plasma had been delivered 


a stop watch was released. The whole of the tubes and fluids were kept 
at a temperature of 40°C. before and during the experiment by means 
of a water bath. 

One had to decide upon an arbitrary standard for an end point, and 
I took for this purpose the moment when the tube could be inclined 
without the clotting plasma following the deflection of the tube. Some 


warning of the moment when solidification was about to occur was 


afforded by a sudden turbidity of the uid. All the experiments were 
done in duplicate. 

When the times for clotting with varying amounts of ferment were 
considered, it was obvious that, with the exception of the experiments 
made with the larger quantities of ferment solution, the relationship was 
a simple one and that time multiplied by quantity of ferment equalled 
constant. 

In the three series of experiments in Tables 1, 2 and 3 with two 
different venoms and two sets of plasma, the agreement between observed 
and calculated values is a close one. The deviation from this law is, 
however, marked as soon as the time of clotting is reduced to about 100 
seconds, and with 200 fold the amount of ferment added, clotting could 
not be induced in less than 22 seconds. 

I have attempted to determine the time law for these higher 
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quantities ‘of ferment, but with short times the errors of experiment 


_ Were too great to draw quantitative conclusions from the observations. 
Irregularity in the time of clotting was also noticed when the interval 
was greater than 20 minutes, 1.e. with very small quantities of ferment. 
Under these circumstances successive clots also occurred which made it 
impossible to make accurate observations. 

The difference between the results of Fuld and myself is not, I think, 


difficult to explain. For reasons mentioned above, I regard the ferments 


contained in these venoms as catalysts inducing the change in the 


fibrinogen. This is not the case with the tissue extracts employed by 


Fuld, for A. Morawitz™ has shown that such extracts do not clot 
fibrinogen solutions nor oxalate plasmas and their action is an indirect 
one, viz. to convert a thrombogen present in the turkey or goose plasma 

prepared by Delezenne’s method into prothrombin, which in the presence 


of calcium ions is converted into a fibrin ferment; in other words the 


tissue extracts contain a kinase. 


Exp. 1. Owalate Plasma of Dog, 1 c.c. and 005%), solution of 
the venom of Notechis scutatus. 


Total volume=1:17 Temperature 40°C. 1 drop="0172 


Number of Observed times of Mean of Calculated time 
drops added observed times 


72 
5 85 88 62 
| 
4 ae 96 78 
96 
3 102 106 104 - 
25 180 180 196 
180 
2 142 150 156 
156 
16 185 188 208 
190 
1-1 295 282 284 
270 
1 315 812 812. 
310 
650 630 624 
610 4 
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Exp. 2. Oxalate Plasma of Dog, 1 and ‘005°, solution of 
the venom of Echis carinatus. 


Total volame=1°17¢.c. One drop=-0172c.c. Temperature 40° 0. 


Number of Observed times of Mean of Calculated 
drops added _ clotting, in seconds 


10 62 
60 
5 95 98 96 
101 
4 128 124 120 
120 
8 159 165 161 
151 
2 241 
1 507 501 482 


Exp. 3. Owalate Plasma of Sheep, 1 c.c. and -005 °/, solution of 
the venom of Notechis scutatus. 


Total volume=1'17.c. One drop=‘0172c.c. Temperature 40° C. 


Number of Observed times of of  Meanof Calculated time 
drops added clotting, in seconds observed times of clotting 
72 
5 108 106 88 
110 
4 114 : 115 110 
‘ 117 
3 139 * 187 147 
135 
25 164 172 
180 
2 227 221 221 
215 
15 287 292 295 
298 
1 445 447 442 
450 
860 870 884 
881 


In their later work Fuld and Spiro” interpret the action of tissue 
extracts upon Delezenne’s plasma and also upon peptone plasma in the 
same manner. The fact that the constant in Fuld’s — needs 
changing for each plasma further supports this view. 
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Under these circumstances the rate of coagulation would not depend 
only upon the amount of kinase present and could not be expected to 
follow the same simple law. 5 

Influence of concentration of fibrinogen in the solution upon the 
velocity of reaction. The concentration of the fibrinogen unlike that 
of the ferment exerts only a very small effect upon the velocity of the 
reaction. In the experiment recorded below some oxalate plasma was 
successively diluted with an equal bulk of saline so as to represent 
concentrations of 1, 4, , $, zs. These were added in equal volume to - 
the same quantity of ferment. All operations were conducted at 40°C. 


showing influence of concentration 


on reactionr-rate. 


| Time of clotting 
1 54” 67” 
4 55 57 56 
+ 65 62 63°5 
ty 90 82 86 


Even the diminution in velocity indicated above is exaggerated, 
because with the weaker solutions of fibrinogen a proportionately larger 
quantity must be converted to fibrin before the end point decided upon 
is reached. 
The same law of inverse proportionality between time and quantity — 
of ferment has been found to hold for the clotting of caseinogen by 
rennet by Segelcke. and Storch™, Hansen™, Soxhlet, and 
Fuld™, Fuld has worked at the time law in this case very thoroughly 
and found, as was previously pointed out by Duclaux™, that the 
- law of inverse proportionality only held for moderate quantities of 

rennet, and was departed from in the case of quantities which caused 
clotting in less than two minutes and also with very small quantities of 
ferment; much as has been found to be the case in the experiments — 
with fibrin ferments recorded above. A similar inverse proportionality 
for intermediate concentration of ferments has been observed by 
O'Sullivan and Thompson with invertase, Vernon™ for peptone 
splitting ferments, and Bayliss™ and Hedin™ for trypsin. 
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ON THE FORMATION OF FATTY ACIDS FROM LACTIC 
ACID WHEN FUSED WITH CAUSTIC ALKALIES. 
By H. 8. RAPER, 1851 Ewhibition Scholar. 


(rom ih of in th Lier 


NEARLY thirty years ago, in a series of studies on ferment action, 
Hoppe-Seyler' drew attention to the similarity between the chemical 
changes in putrefaction and those brought about by alkalies. In his 
study of these changes he found that lactic acid, when heated with 
alkalies, gave rise to the formation of hydrogen and of acids of the 
acetic acid series. Among these he claimed to have detected besides 
butyric and caproic, other higher fatty acids, and thus to have obtained 
an indication of the way in which fat may be made from — 
in plants and animals, 

Hoppe-Seyler’s account of his experiments is short, and as 
regards the formation of the higher fatty acids is not altogether con- 
vineing. In view of this and of the importance of the question, it 
seemed desirable to repeat and extend the experiments, and to de- | 
termine what fatty acids are formed by the action of alkalies on lactic ~ 
acid. This I have done at the suggestion of Dr Leathes, who has also 
given me maaen helpful advice. I wish to express to him my sincere 
thanks. | 


FUSION OF CALCIUM LACTATE WITH SODA LIME. 


The calcium lactate used in the experiments was obtained from 
Kahlbaum, and on examination was found to be free from calcium 
butyrate. 

Portions of 75 grms. of this salt and 150 grms. of soda lime were 


- ground up together and heated in a flask connected with an air con- 


denser in a bath of fusible metal. As the temperature was raised 
water was given off; at 260-270° (measured in the bath) the evolution — 
of hydrogen commenced and became very rapid as the temperature was 


1 Zeits. f. physiol. Chem, u. p. 1. 1878, ut, p. 861. 1879, 
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sisi still fulton: The heating was continued at 290-300° until’ the 
evolution of gas ceased. When cold the contents of the flask were 
extracted several times with hot water and filtered. The residue which 
was insoluble in water was digested for some time on the water-bath 
with dilute sulphuric acid and the resulting solution filtered and 
distilled. The distillate contained no volatile acids, hence in the later 
experiments the insoluble residue was not further treated in any way. 

- The solution obtained on extraction of the fused mass with water 
was acidified with sulphuric acid and distilled. The strongly acid 
distillate was neutralised with sodium hydrate and evaporated to 
dryness. The yield of sodium salts of volatile acids from 75 grms. 
calcium lactate was 15 grms. The residual liquid in the distilling 
flask contained a small amount of oil. This was extracted with ether 
and examined separately. 

Eaamination of volatile acids. 140 grime, of the sodium salts of the 
volatile acids were decomposed with a slight excess of sulphuric acid 
(1 part acid to 2 parts water) and the solution extracted several times 
_ with ether. The aqueous portion was distilled, and in the distillate the 
presence of a small amount of formic acid was detected by its reducing 
action on silver nitrate. The ether solution was dehydrated over anhy- 
drous sodium sulphate, the ether removed on the water-bath and the 
residual acids distilled. Fractions were collected between the following 
temperatures : 


Boiling point Weight i Boiling point Weight 
1 Below 125° 35 grms. 4 145°—155° 1:5 grms, 
8  185°—145° 6 Residue 15 


The first two fractions were shown to consist rindi of acetic 
acid by heating with alcohol and sulphuric acid, when a considerable 
quantity of ethyl acetate was obtained which boiled at 77°. | 

8rd Fraction. A portion of this was oeipentes into the calcium salt 
and analysed. 

08953 gm. gave 02842 gm.Ca0 =23'63 Ca 
Calculated for calcium acetate = 25°32 °/, Ca 
Calculated for calcium propionate = 21'54°/, Ca. 

The acid is thus a mixture of acetic and propionic acids. 

4th Fraction. (Boiling point 145-155°.) The molecular weight 
of this was determined by titration. with standard potassium hydrate. 


04743 gm. cc. KOH (1 c.c. = 0°0316 gm. KOH), 


Mol. wt. = 76°8. 
15—2 
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The molecular weight of propionic acid: is 74, hence this fraction 
contains & small amount of acid of higher molecular weight than propionic 
5th Fraction. (Boiling point 155-170°.) This was completely 
soluble in water but was precipitated on adding calcium chloride. Tt 
had a smell resembling that of isobutyric acid. The barium salt was 
prepared and analysed. 
| 0°7241 gm. gave 0°5503 gm. BaSO, = 44°68 Ba 
Calculated for (C,H,0,),Ba 44°04 °/, Ba. 
In order to determine whether the acid was normal or isobutyric 
acid the calcium salt was prepared and the water of crystallisation 
0°1428 gm. on heating at 140° lost 0°0190 gm. water = 13:31 °/,H,O 
Calculated for (C,H,O,),Ca.H,0 


Calcium n butyrate crystallises with one molecule of water, whereas 
calcium isobutyrate crystallises with five molecules of water. Since 
_ calcium n butyrate is more soluble in cold water than hot, a saturated 
' solution of the calcium salt was made at 0° and then heated, but no 
deposition of the calcium salt occurred. From the value obtained for 
the amount of water in the crystallised calcium salt it was thought that 


the acid was probably a mixture of butyric and isobutyric acids, To 


confirm this, calcium butyrate and isobutyrate were mixed in such pro- 


portions that the resulting mixture contained 13°31°/, of water of | 
crystallisation. A saturated solution was made at 0°, but on warming 


did not deposit calcium butyrate. The acid obtained as the fifth fraction 
is therefore most probably a mixture of butyric and isobutyric acids. 

_ ‘The Residue. This was dark brown in colour and contained’ small 
particles of tarry matter which were separated by diluting with petro- 
leum ether and filtering. The filtrate separated into two portions. The 
lower portion, insoluble in petroleum, was slightly soluble in water, took 


up bromine in the cold, and hence was partly unsaturated. The barium 


salt: was prepared and analysed. 
0°2178 gm. gave 0'1184 gm. BaSO, = 31:97 °/, Ba. 


Barium caproate contains 37:32°/, Ba, hence the acid-is of higher 


molecular weight than caproic acid. Being insoluble in petroleum it 
probably contains hydroxyl groups, and is therefore not a fatty. acid. 


The acid which was soluble in petroleum was obtained by evaporation 
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of the solution in the water-bath. It was moderately soluble in water 
and combined with bromine in the cold to a slight extent, being une 
partly unsaturated. The barium salt was prepared and analysed. — 


0 3596 gm. gave 0°2280 gm. BaSO, = 37'20°/, Ba 
Calculated for barium caproate =37'32°/, Ba. 


Since the acid is partly unsaturated it cannot be wholly caproic acid, 
but is probably a mixture of acids. 
_ .Non-volatile acid. The small amount of oil which was invariably 
left in the distilling flask after the removal of the volatile acids in a 
current of steam was extracted with ether and the ether removed in the 
water-bath, the residual oil was shaken up with water to remove lactic 
acid, and dried. From 700 gm. calcium lactate 0°55 gm. was obtained. 
The substance was unlike fatty acid in appearance, was resinous, and 
heavier than water. The barium salt was almost completely soluble in 
water, only a very small portion remaining undissolved. On en 


05510 gm. required 10°1 c.c. NaOH = 0202 gm. NaOH. 
Assuming the acid to be monobasic the molecular weight is thus 109. | 


FUSION OF CALCIUM LACTATE WITH CAUSTIC POTASH AND 
| MAGNESIA. 


A series of experiments similar to the above were carried out, using 
a mixture of equal parts caustic potash and magnesia instead of soda 
lime, The results were almost identical, except that a smaller yield of 
volatile acids was obtained: The butyric acid fraction was a mixture of 
the normal and iso-acids, as the calcium salt contained water of crys- 
tallisation almost equivalent to three molecules. 

The residue obtained from the distillation of the volatile acids was 
partly unsaturated, although the molecular weight was very near to that 
of caproic acid. 

The non-volatile acid was ‘os fatty acid, being resinous and heavier 
than water. 

The calcium salt was prepared and was found to contain 12:70°/, Ca. 
Calcium caproate contains 14°81 °/, Ca, hence the non-volatile acid has a 
higher molecular weight than caproic acid. 
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Summary AND CONCLUSIONS. 


Calcium lactate, as was shown by Hoppe-Seyler, when fused with 

soda lime or caustic potash and magnesia, gives rise to a series of acids 
of the acetic series, In this Paper direct evidence of the formation 
of formic, acetic, propionic, butyric, and isobutyric acids has been given, 
bat whether normal caproic acid is also formed is very doubtful. 
_ The non-volatile acids of high molecular weight which are formed 
are not higher fatty acids, as stated by Hoppe-Seyler, since they are 
heavier than water, and since they are at least in part unsaturated, 
whilst their molecular weight is not far removed from -that of caproic 
acid. 

There is therefore no ground for stating that the acids having a 
molecular weight higher than that of propionic acid obtained by fusing 
calcium lactate with caustic alkalies, are ‘characteristically normal,’ as 
Hoppe-Seyler stated, for besides normal butyric acid, there is also 
_ formed isobutyric acid. 

It follows also that the mode’ of decomposition of lastio acid when 
it is heated with alkalies cannot be used as an argument for the 
formation of fat from oe 
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NOTE ON NEUMANN’S METHOD OF ESTIMATING 
CHLORIDE. By W. LEGGE SYMES. (One si in 
Text.) 


(From the Physiological Laboratory of the London) 


NEUMANN? has described a ,method of estimating chloride, when 
direct titration is impossible, by distilling the material with sul- 
phuric acid, nitric acid, and water, into a standard solution of silver 
nitrate, and titrating the contents of the receiver by Volhard’s method. 
The distillate contains much nitrous acid, which has to be removed by 
boiling, followed by permanganate of potash, which must itself be 
reduced by a ferrous salt, before titration can be performed. 
In addition to this drawback, Plimmer*, estimating chlorides in 
. the presence of proteid, by Neumann’s method, found that an 
appreciable amount of hydrocyanic acid was evolved with- the hydrogen 
chloride. He found, however, that the silver cyanide was readily de- 
composed by boiling the distillate for half-an-hour with nitric acid, and 
that on drying and weighing the silver chloride he was able to obtain 
concordant and accurate results, 
The subjoined observations were undertaken to determine whether 
this incineration by boiling, acid leads conveniently and accurately to 
determining variations in the amount of chlorides in the blood. To 
ascertain to what extent the resulting hydrochloric acid is driven off 


Taste I. Solutions of sodium chloride in water. 


By direct titration. — By titration of distillate. 
057 gm. NaCl ‘058 
ii. ” Mean ‘057 gm. NaCl 
” "058 


In iv, the solution was brought rapidly to boiling point, and 49 of the 51 mg. ot NaCl 
were found after 15 minutes. In v, 58 mg. Doe. 
no case was any HC! left in the distilling flask. 


1 Zeitschr. f. physiol. Chem. xxxvii. p. 32, 1904. 
This Journal, xxxx. p. 65. 1904. 
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from the distilling flask, and collected in the receiver, caine esti- 
mations were made by Neumann’s method, and by direct titration of 
the chloride in aqueous salt solutions, and in urine. 


Taste II. Urine, 10 cc. 


: By direct titration. By titration of distillate 
i. 088 gm. NaCl 
ii. ” ” Mean 084 gm. NaCl 
106 | 
vi. 146, 168 
"147> Mean 153 _se,, 
viii. ” "148 


‘ In viii, distillation of the HOl was practically complete in half-an-hour. In iv, Seay 
and vii, distillation was left in progress for rather over an hour. 
In no case was any HCl left in the distilling flask. 


These tables show that all the hydrochloric acid is driven off dom 


the distilling flask, and that practically all of it is recoverable in the 
receiver. 


In the above and following experiments it was found ceiilis to 


& prevent evolution of hydrocyanic acid, and to obtain a ecgaan 


distillate which could therefore be immediately titrated. 

The procedure adopted is as follows: The acid employed to liberate 
the HCl is sulphuric (s.g. 1°84), used in the proportion of 100 cc. of 
acid to each 10 c.c. of the fluid under examination. Sulphuric acid 
alone is sufficient for this, and in the above concentration leads to 
no evolution of hydrogen cyanide. In the presence of organic matter, 
_ however, much sulphur dioxide comes off, and to prevent this, about — 
5 cc. of nitric acid, or an equivalent amount of nitre is added for each 
gram .of proteid (or other organic matter) present. This suffices to 
oxidise the sulphurous acid, and to prevent carbonisation as fully as the 
larger’ proportion of nitric acid used by Neumann. The small. amount 
of nitrous acid evolved is eliminated from the distillate by the aspiration 
employed in the later stages of the process, and so gives rise to no 
trouble in the final titration. An ordinary distilling flask is employed 
(Figure’), fitted with a tapped funnel, and delivers through a long 
(60 cm.) adapter to a nitrogen flask (Fresenius’ pattern) containing 


N 
jo Silver nitrate, through which pass the gnecous products of distil- 
lation. It is advisable to use a second nitrogen flask in series with the 


1 Neumann employed equal volumes of sulphuric acid, nitric acid, and water. 
* Tam indebted to Miss N. L. Scott for the drawing of the apparatus. 
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first, during the early stages of distillation, as the initial reaction is 
somewhat violent’, and evolution of hydrochloric acid is rapid. . In the 


later stages one such flask is enough. When gas has almost ceased to 
bubble through the silver solution the tap of the funnel in the distilling 
flask is opened, and air is aspirated from the distilling flask through 
the receiver. This serves the double purpose of drawing over the 
hydrochloric acid vapour from the distilling flask, and of washing out 
or oxidising the nitrous acid in the distillate. It was found unnecessary 
to “ wash” the laboratory air before drawing it into the apparatus, since 
aspiration on three occasions, for intervals lasting between one and four 
hours, through silver solutions gave rise to no turbidity. In all cases 

the bulk of the hydrochloric acid is collected within 30-40 minutes, se 
with blood distillation is carried on for double this time. = 


led 060 
Mean -058 gm. NaCl. 


Mean 061 __,, 


Samplec. 500. 4, | 
Mean ‘024 ,, 


This table shows that concordant results are. 
1 Half-a-dozen glass beads in the distilling flask effectively prevent bumping. 


Sampled. l0ec. Mean “047 
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volumes of the same sample of blood. The blood was measured by 
pipette. The actual volumes ‘used were therefore somewhat less than 
the volumes stated. 


‘Taste IV. Parallel determinations of by titration of distillate, from 
blood, and from an equal volume of blood plus a known weight of NaCl. 


Volume Found in the blood 
of blood in the blood ve of of the blood plus NaCl 

i. 10 c.c. 050 gm. NaCl 042 “088 gm. NaCl 
ii. 5 “028 ” 042 066 ” 
iii. ” “008 035, 
iv ‘021 008 082, 

v ” 023 009 “081 ” 
vi. “030 ” 009 
vii. 10 c.c. 48 090 123 
viii. ” "049 ” “090 


This table shows that of a total of 298 mg. of NaCl added to blood, 273 
‘mg. =91 */, were recovered in the distillate. As in Table III the blood 
was measured by pipette. 

- Distillates from blood and urine have been tested for ale | as 
follows. 

In three cases the distillate in silver nitrate was treated by Plimmer’s 
method for separating AgCN from AgCl, 1.e. by acidifying with 12°/, 
of nitric acid, and again distilling into silver nitrate—no turbidity was 
produced, In three other cases the distillate was collected in caustic 
potash, and tested by the Prussian blue reaction—no ferric ferrocyanide 
was formed. 

It is obvious that the method is only available for estimation of 
chlorides, in the absence of material quantities of other combinations 
of chlorine, ¢.g. chloroform. Further, it cannot be relied on to determine 
the total chlorine of volatile chidrinated compounds. | 


SUMMARY. . 


With the above modifications and reservations, Neumann’s method is 
a convenient and accurate method of estimating chloride, when direct 
titration is excluded (confirmatory of Plimmer), and lends itself to 
determination of small variations of chloride in blood. With appropriate 
adjustment of the acid mixture neither hydrocyanic ‘nor nitrous acid is 
found in the distillate. 


‘The distillate, being colourless, can be directly titrated. 
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THE REGULATION OF THE LUNG-VENTILATION. 
By J.8. HALDANE, MD.,F-.RS, ann J. G. PRIESTLEY, B.A. 
(Eleven Figures in the Text.) 


CONTENTS, 


Method of obtaining normal alveolar air. 

The alveolar 00, daring ret normal atmospheric 

The alveolar CO, at varying atmospheric pressures 

The alveolar CO, with varying frequency of breathing . 

The alveolar OO, with vatying percentages of CO, in the air inspired . 

the air inspired .. 

The dead space in breathing . 

Effects of excess of CO, on the respiratory ventilation . 

Effects of muscular work on the respiratory ventilation 


In spite of all the light which has been thrown on the physiology of 
the respiratory centre there still remains much obscurity as to the 
factor or factors determining the rate of lung-ventilation under normal 
conditions; and very divergent views are held by different physio- 
logists on this most important subject. The aim of the ‘following 
investigation was to elucidate these factors. 

It is acknowledged by all that the respiratory seasin are 
regulated, partly by afferent nervous impulses reaching the centre, 
particularly through the vagus nerves, and partly by direct chemical 
stimuli resulting from the more or less “venous” condition of the blood 
passing through the centre. The extent to which the nervous or the 
chemical stimuli mainly determine the amount of the lung-ventilation 
under ordinary ‘conditions remains, however, doubtful. With regard 
to the exact nature of the chemical stimuli there is still further 

oes While all are agreed that either deficiency of oxygen or 
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excess of CO, may increase the activity of the respiratory centre, 
opinions differ as to the extent to which the lung-ventilation is 
normally regulated by either or both of these causes, and as to whether 
other substances circulating in the blood have not an even mére 
important influence, as is maintained by Geppert and Zuntz. 

Before discussing the conclusions of other observers we propose 
to give an acgount of our own experiments, which were all made 
on man, and which, as will be seen, have led us to very definite 
conclusions. 

Some years ago an investigation was aad out by one of us, in 
conjunction with Dr Lorrain Smith, on the effects of air vitiated by 
respiration’, In the course of the experiments it was noticed, not only 
that the hyperpnea produced by re-breathing expired air was due 
solely to. excess of CO,, but.that this hyperpnwa, so far as could be 
judged, was-exactly similar to that produced by muscular exertion. 
The hyperpnwa produced by want of oxygen, on the other hand, was 
accompanied by subjective feelings and cyanosis, such as are never 
noticed in the case of normal hyperpnoa from exertion. . These 
observations, - taken along with other known. facts, strongly suggested 
the conclusion that, as was also surmised by Miescher* twenty years 
ago, the CO, pressure in the respiratory centre is the factor which 
normally. determines the lung-ventilation; and the immediate object 
of our investigation was to test this hypothesis. 

If it be the case that it is the CO, pressure in the blood — passing 
through the respiratory centre that determines its activity we should 
‘expect that under normal conditions of circulation, etc., the lung- 
ventilation will be so regulated as to keep the CO, pressure in the alveolar 
. “ait approximately constant, since the CO, pressure in the arterial blood 
and respiratory centre will naturally vary with that in the alveolar air. 
We therefore first directed our attention to the CO, pressure in the 
air, 


METHOD OF OBTAINING NORMAL ALVEOLAR AIR. 


A piece of india-rubber tube was taken of about 1 inch diameter 
and 4 feet long. Into one end (Fig. 1) was fitted a mouthpiece, the 
other being either left open or connected with a spirometer. About 
2.or 3 inches from the mouthpiece a small hole was made, through 
which was inserted air-tight the tube of @ gas-receiver in the manner 


1 Haldane and Lorrain Smith, Journal of Pathol. and Bacteriol., 1. p. 168. 1892, 
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shown in the figure. The gas-receiver was provided with a 3-way tap 
at the upper end, the lower end being either open or closed: by a tap. 
Before an experiment the receiver was filled with meneery if - _— 
end was open, or else completely exhausted. 


SUMPLING TUBE. 


Fig. 1. Apparatus for obtaining alveolar air. 

The subject of the experiment sat in a comfortable position and 
breathed quite normally for some time. Just as a normal inspiration 
ended he then expired quickly and very deeply through the mouthpiece 
and instantly closed it with his tongue. The tap of the receiver was 
then turned and a sample of the air in the tube taken for analysis’. A 
second experiment was then done in which the subject expired deeply 
at the end of a normal expiration. The mean result of the analysis of 
one or more pairs of samples obtained in this way was taken as 
representing the mean composition of the dry alveolar air. Since the 
gaseous interchange between the blood and the alveolar air is going on 
continuously, it is evident that at the end of inspiration there will be 

; a maximum percentage of O, and a minimum percentage of CO,, and 
conversely at the end of expiration. The mean of the two samples will 
thus give a correct average result provided the breathing is perfectly 
regular and normal, and provided also the sample obtained is pure 
alveolar air unmixed with the air which filled the “ dead space” of the 
respiratory passages at the end of inspiration. 

To ascertain whether a sample obtained in this way is pure iiveolar 
air we attached the open end of the long tube to a Hutchinson’s spirometer, 
so that the air expired could be measured. We then found that the CO, 
percentage in the sample obtained was practically the same, whether 
only a normal breath or a very deep breath was expired. From this it» 
was quite evident that the sample obtained in the manner just described 
is pure alveolar air. Were any of the relatively pure air filling the 
dead space at the end of inspiration still present, the sample obtained 
from a very deep expiration would contain more CO, than that from an 
ordinary expiration. : 

1 Throughout the investigation the analyses were made with the apparatus described 


by Charles Griffin & Co., 1905, The 
results are reliable to ‘01 °/,. : 
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The following experiment will illustrate this point. 

Four samples were collected with sharp expirations of varying depth 
immediately following upon the completion of inspiration. The volume 
of air usually expired per respiration by the subject of the experiment 
(J. S. H.) was about 600 cc. measured at the laboratory temperature. 


The results obtained were as follows. 
Volume of air expired 
1, 262 4°42 
2. 877 517 
8. 492 5°71 
4, 1050 5-72 


THE ALVEOLAR CO, DURING REST AT NORMAL ATMOSPHERIC 
PRESSURE. 


We have made numerous determinations on ourselves of the alveolar 
CO, during rest in a sitting position, and while breathing normal air at 
about normal atmospheric pressure. From the outset it was evident 
that the percentage of CO, was very constant for each of us, but 
considerably higher for one of us (J.G.P.) than for the other. The 
following table contains the results of experiments made at different 
times between June 1903 and January 1905 by the method just 
described. The earlier os are not quoted, as double samples 
were not taken. 


1.8. J. G. P. 

0 
759 5°38 5°76 5545 759 618 6-305 
747 5°47 5°69 5°56 754 651 6°63 6575 
748 5°56 5°70 5°68 747 6-10 6-70 6-40 
7148 5°59 5°87 5°78 168 GB 6-86 
748 5°88 5-60 5°49 758 5-95 6°74 6-35 
748 5:38 5°47 5°40 7568 6-025 
749 5°80 5°94 5°87 758 598 - 6-21 6°07 
749 5°66 5°51 5°585 154 612 6-38 6-215 
765 5°68 5-59 561 154 6-26 620 6-23 
7159 5°42 5°83 5°625 764 6-28 605 614 
758 54 5°72 5°71 751 566 6°75 6-205 
7165 5°58 572 62 751 5-98 5:99 5-985 
762_ 6°37 6-29 6°33 
762 6-24 6-09 6-165 
765 6-39 648 6°41 
5°54 5°70 562 156 617 689 6:28 
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Hh oth en that in the case of J.S. H. the average percentage of 
CO, was 5°62, the maximum variations from this figure being 5°40 and 
5°87; and that in the case of J.G.P. the average was 6°28, the maximum 
variations being 5°985 and 6°845. These very striking results clearly 
point towards the conclusion that under normal atmospheric conditions 
during rest the lung-ventilation is regulated in such a way as to keep 
the alveolar CO, percentage almost constant. 


THE ALVEOLAR CO, AT VARYING ATMOSPHERIC 
: PRESSURES. 


In the case of the experiments just quoted the variations of 
atmospheric pressure were slight, and their influence on the alveolar 
CO, not distinctly appreciable. In order to observe the effects of more 
considerable variations of pressure we made experiments (1) at the 
bottom of Dolcoath Mine in Cornwall (2240 feet below sea-level); 
(2) at the top of Ben Nevis (4406 feet above sea-level); and (3) in the 
chamber for treating patients with compressed air at the Brompton 
Hospital, London (at an excess of pressure of about two-thirds of an 
atmosphere). As was shown by Paul Bert, the physiological effects of 
CO, depend upon its partial pressure. It is therefore the partial 
pressure and not the percentage of the alveolar CO, which may be 
expected to remain constant at varying atmospheric pressures if the 
lung-ventilation is regulated by the alveolar CO,. In calculating the 
alveolar CO, pressure from the CO, percentage it is necessary to take 
account, not merely of the atmospheric pressure, but also of the aqueous 
vapour in alveolar air, the percentage of which varies considerably with 
atmospheric pressure. This has been done in the ene tables, which 
show the results of our observations. 


00, perendage dry air ot fathoms lee Doleoath Mine, 


‘End of | End 

1. 5-08 5°15 5°09 

462 524 4-98 
Men 5-19 501 
J. G, P. {2 5°48 5:58 §°51 


Mean 5°53 5°61" 
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~ Just before descending the shaft in the “ gig” for the purpose of making these obser- 
vations we obtained the following results for J.G. P., 
762 mm. 


End of End of 
6°29 
624 6°08 6°18 

Mean 630 6°16 6°28 


This was practically the same as the average at Oxford (6°28). It 
will be seen that in both of us the percentage of CO, was very markedly 
lower at the bottom of the mine than at near sea-level. 

The following table shows the mean percentages and pressures (in 
percentages of one atmosphere) of the CO;1 in alveolar air at the bottom 
of Dolcoath and at near sea-level. 7 

00, 


Bottom of Doleoath 5-48 


It will be seen that though the percentage of CO, was considerably 
lower in the mine than at the surface, the pressure of CO, was ey! 
the same at both levels. 

The following table gives the results obtained on the summit of Ben 
Nevis (barometer 646°5 mm.). The conditions in this case were not so 
favourable for the experiment, as we were necessarily somewhat tired by 
the exertion of climbing, besides. being soaked by rain. 


00; in of 4408 fort 


above sea-level. 
End of ‘End of 
6°19 6°36 6-27 
fa 5-92 6-19 6-06 
Mean 6-06 6-27 6-165 
6-88 7:10 
Mean 691 7-21 7-065 


After descending the same day to Fort William at sea-level, the 
barometric pressure being 754 mm., it was found that the alveolar CO, 
of J.S. H. was 5°36 °/, (inspiration), and 5°40 (expiration), mean 5°38 °/,. 
This age an abnormally low result, probably indicating that the fatigue 
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of the uaisiiiaes had some effect i in sideleie the alveolar CO, pressure’, 
which was as follows:. 


P of _ in alveolar air Barometric 
Fort William J. 8. H. 5°38 602 - 754 
Oxford 5°62 154 


It will be seen that the percentage of the alveolar CO, was 
considerably higher at the top of Ben Nevis, while its pressure was 
more nearly the same as at sea-level, but distinctly lower, owing 
probably to the effects of fatigue, as indicated by the Fort William 
observations, which were unfortunately cut short through an accident to 
the gas analysis apparatus. 

The next table shows the results of an experiment in the compressed 
air chamber at’the Brompton Hospital*. The control experiments at 
normal pressure were made immediately afterwards, before we had left 
the chamber. 


Brompton Hospital. 

End of 
in mm. of Hg. inspiration expiration Mean 
2. 1261 - B26 $86 3°31 
Wean 1261 . 3°38 8°46 8°42 
J.G.P 1261 3°80 3°57 8°68 
Ge 1261 8°54 8°66 3°60 
41261 867 8°61 3°64 
Mean 765. 6°89 6°48 6-41 


ghar 


Barometric 
pressure in alveolar air air in 9/) of 
126 8°64 8°50 
6-41 6-06 6-05 
8° 8°30 5°46 
J. 8.'H. 5-61 5°80 5°81 
1 3°58 3°40 5-64 
Maen "765 6-01 5-68 68 


See footnote, p. 268, 
2 We are miuch indebted to the Medical Staff and Committee of the Brompton Hospital 
PH. XXXII. | 16 
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It will be seen that as a mean result of the experiment the alveolar 
CO, pressure was almost exactly the same in 1 the compressed air as at 
normal pressures. 

The following table shows the mean results obtained at various 
pressures. The oxygen percentages were not determined except oc- 
casionally, but there can be no doubt that they corresponded to the CO, 
percentages, and they have been calculated in the table on the 

ere that the respiratory quotient was 0°85 throughout. Hi 


in alveolar 
Barometric Percentage of _air (moist) in (moist) in 
in mm. of Hg. ae air oneatmosphere one 
Top of Ben Nevis  646°5 6°615 18°19 523 10°41 
755 5°95 13°97 5°58 13°06 | 
Bottom of Doleoath - 832 . 5°29 14°74. 5°48 15°25 
Brompton | | 
compressed air 1260 8°52 16°79 564 26°84 
chamber 


It will be seen that within the limits of siepeiaphesin pressure 
investigated the pressure of CO, in alveolar air remained practically 
constant. The oxygen pressure, on the other hand, varied enormously, 
and clearly the oxygen pressure in the alveolar air had nothing to do 
with the regulation of lung-ventilation. 


THE ALVEOLAR CO, WITH VARYING FREQUENCY OF — 
BREATHING. 

The frequency and depth of respiration are well known to vary very 
considerably both in the same person and in different persons, and one 
can breathe quite naturally at very different frequencies. This 
variability in the frequency of respiration has doubtless contributed 
greatly to the idea that the lung-ventilation bears no very definite 
relation to the gaseous exchange in respiration. To test this idea we 
made a series of experiments on the alveolar air during periods when 
the respiration had been voluntarily increased or diminished in frequency, 
but was otherwise quite natural. The following table shows the 


per minute of 
9 5-59 5-87 
J. 8. 19 5-56 5-70 563 
9 583 5°47 5-40 
J. 8. H. 20 5-44 5°60 5°52 
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“These results show clearly that under normal conditions the 
ecatilation of the alveoli with inspired air bears the same relation to 
the CO, given off by the lungs, whether the frequency of breathing be 
great or small, As the respirations increase in frequency they decrease 
in depth, and vice versd: so that the alveolar CO, percentage remains 
unaffected by changes in the frequency of respiration provided the latter 
is not forced. On the other hand the percentage of CO, in the mixed 
expired air must vary considerably according as the respirations are 
many and shallow, or few and deep. In the former case the CO, 
percentage must be considerably lower, as the mixed expired air contains 
a larger proportion of the pure air which fills the “dead space” at the 
end of each inspiration; and for the same reason the volume of air 
breathed must be 


_ ALVEOLAR CO, WITH VARYING PERCENTAGES OF CO, 
| _IN THE AIR INSPIRED. 


. The following table shows the composition of the sickens air with 3 
varying percentages of CO, in the air inspired. The experiments 
were made as follows. The subject sat in a respiration chamber 
measuring 2’ 10” x 3’10” x 6’1”, and thus having a cubic capacity of 
66 cubic feet or 1°87 cubic metres. After the chamber had been closed 
nearly air-tight CO, was sent in at intervals through a meter from 
a steel cylinder, and thoroughly mixed with the air of the chamber by 
means of a fan. Samples of the air inside were analysed at frequent 


Subject Mean inspired air 
5°42 5°88 5-62 100 
3-80 6-03 592 5°97 258 
rs 0-08 5°74 5°72 5°71 100 
1°74 5°59 5-71. 5°65 148 
8:98 5-90 616 6-03 277 
5-28 6°44" 6-66 6°55 447 
0-03 635 6-28 6°31 100 
5-29 6-92 6°86 6°89 392 
6-66 762+ 172 7°67 622 
” 7°66. 8°34 8°56 8°45 795 
Oxygen= 16°77 %),. + Oxygen= 16°98 °%,. 
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intervals by the subject or an observer outside; and corresponding samples 
of alveolar taken by the usual method in exhausted gas-receivers. As 
the CO, percentage in the air was constantly rising slowly, owing to the 
— respiration of the subject, it was necessary to take samples of the 
chamber air just before and just after each pair of samples of alveolar 
air were collected, the mean result being taken as indicating the 
composition of the air of the chamber when the samples of alveolar air 

The table shows very clearly that the respiratory centre is 
extraordinarily sensitive to very slight increases in the CO, percentage 
of the alveolar air. Thus with 1°74°/, of CO, in the inspired air the 
rise in the alveolar CO, percentage was so slight as not to be shown in 
the experiment. The ventilation of the alveoli with inspired air must 
have been increased in the proportion of about 5°65 to 5°65-1°74, or by 
about 43°/,, to explain this result. Yet the subject of the experiment 
_ was not distinctly aware of hyperpnea. With about 40°/, of CO, in 
the inspired air there was an excess of only ‘3°/, of CO, in the alveolar 
air, and the alveolar ventilation must therefore have been increased by 
177°/,. The hyperpnea was distinctly noticeable. With 5'28°/, of 
CO, in the outside air the alveolar air was ‘85°/, higher than usual, and 
the alveolar ventilation must have been 4°47 times as great as usual. 
The hyperpncea was very marked. An increase of about 0°2°/, in the 
alveolar CO, caused in both of us an increase in the lung-ventilation by 
about 100°/, of the normal; and, to judge from this fact, a diminution 
_ of.0°2°/, in the normal alveolar CO, percentage would suffice to produce 
apnea. 

In these experiments the oxygen percentage in the alveolar air must 
always have been above normal. Thus even in the last experiment, 
where there was 7°66 °/, of CO,, and probably about 17°8°/, of oxygen, 
in the inspired air, the oxygen percentage in the alveolar air was 16°98 
—at least 2°/, above normal. | 7 


THE ALVEOLAR CO, WITH VARYING PERCENTAGES OF OXYGEN 
IN THE AIR BREATHED. 


_ The following experiments were made by breathing through valves’ 
into and out of a box of about 45 litres capacity. The mouthpiece was 
connected with the box by tubing of about 1 inch in internal 
diameter. The tube for the expired air was about 5 feet long, and 
furnished with a hole a few inches from the mouthpiece, for obtaining 
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examples of the alveolar air, Between the box and the tube for the 
inspired air there was placed a cylindrical vessel about 8 inches in 
diameter, filled with granulated soda-lime. The inspired air passed 
through the soda-lime, and was thus deprived of CO,, as shown by the 
analyses. Valves, made in the ordinary way from sheep’s intestine, were 
used to separate the inspired and expired air, and the mouthpiece was 
very short, so as to avoid a dead space of more than about 40c.c. The 
box was connected with the large recording bell-jar of the plethysmograph 
. described below, so that a graphic record was obtained, and the subject 
| | was enabled to breathe in and out of the box without any appreciable 
: positive or negative pressure being produced in the latter. When the 
| effects of diminished oxygen were being studied, the air of the box was 
: simply re-breathed until the oxygen percentage fell to the desired 
extent. An increased oxygen percentage was, on the other hand, 
produced by running oxygen into the box before the experiment. The 
sample of alveolar air was obtained in the ordinary way from the 
expiratory tube after a sharp and deep expiration at the end of 
inspiration. The sample of inspired air was taken at the same time 
from the inspiratory tube. The results of the analyses are shown in the 
accompanying table. The subject was J. S. H. 


inspired air Alveolar ait “Inspired air Alveolar air 
80°24 72°21 0-20 5°84 
63°67 57°57 0°14 5°41 
20°98 14°50 0-03 5°54 
16-08 10°89 005 5°62 
15°82 10°59 0-05 5°60 
15°63 10°60 0-07 5°45 
12°85 8°34 0°06 5°37 
12°78 7°80 0°07 5-28 
11°33 0°10 3°85 
1109S 7°10 
628 4:30 0-09 3°57 
It will be seen that until the oxygen percentage in the air inspired 
fell to from 12 to 13°/, the alveolar CO, percentage remained practically 
constant. Even when the alveolar oxygen percentage was raised to 


four or five times the normal value there was no appreciable increase 
in the alveolar CO,. Under normal conditions, therefore, the respiratory 
centre is entirely uninfluenced by changes in the alveolar oxygen 
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_ percentage; and these experiments furnish very conclusive evidence 
_ that apnoea is not even in a slight degree due to hyperoxygenation of 
the blood. That apnoea cannot be explained as a result of hyperoxy- 
genation of the blood has already been — out by eerere 
Fredericgq, and others. 

When the oxygen percentage i in the inspired air fell to about 13 */, 
and the alveolar oxygen to about 8°/,, the lung-ventilation began to be 
increased, as shown by the slight fall in the alveolar CO, percentage ; 
and with a still further fall in the oxygen percentage this increased 
ventilation became more and more marked. In the last experiment in 
the table the diminution in the oxygen percentage was pushed to a point. 
at. which the subject became extremely cyanosed, as shown by the 
leaden blue colour of the face and lips; and consciousness began to fail. 
There was considerable hyperpnoea, as shown by the fact that the 
difference between the oxygen percentage of the inspired air and that 
of the alveolar air was reduced to about a third of the normal, while the 
graphic record showed that the amount of air breathed was about 24 
times the normal. It will be noticed that the CO, percentage in the 
alveolar air was not reduced proportionately, the respiratory quotient 
being a very high one, owing to the fact that the increased ventilation 
of the lungs was rapidly washing out preformed COQ, from the blood and 
tissues. Had the experiment been performed more gradually a normal 
respiratory quotient would probably have been obtained, and probably 
also the hyperpnoea would have been less, since the increased alkalinity 
of the blood, due to removal from it of CO,, would probably have partly 
counteracted the effect of the lowered oxygen pressure in the respiratory 
centre. 

The point at which diminished oxygen pressure begins to affect the — 
respiratory centre would seem to vary for different individuals. Thus 
Haldane and Lorrain Smith record one experiment in which the 
subject began to experience hyperpnoea at 15°/, of oxygen in the air 
breathed. On the other hand, another subject observed more recently 
by one of us continued to breathe from a bag air with a gradually 
diminishing oxygen percentage until unconsciousness occurred. No 
marked hyperpneea or even discomfort was experienced at any part of 
the experiment. In CO Poisoning, and also, apparently, in balloon 
ge 8 to great heights, there is comparatively little hyperpnea. 

- We have not ourselves had an opportunity of studying the —" 


and Baeteriol., 1. p. 174, 1892, 
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of lung-ventilation at very low barometric pressure, but some analyses _ 
of expired air at various low barometric pressures were recently published 
by Hallion and Tissot’, and afford data from which we have con- 


structed the following table. etal 
of Pressure of 

“Barometric in in (mola) in 
760 ~ 8°52 9, “16-36 8-07 
638 4°81 416 12°54 3°26 
646 5°40 4°77 40°23 8°16 
6-16 5-26 2-11 
760 3°63 3°24 16°25 8°07 
760 8°60 3°36 16°28 3°19 
611 4°13 3°78 12°44 2°81 
490 6°46 §°12 890 2°99 


It will be seen from this table that down to a pressure of 490 mm. 
the pressure of OO, in the expired air remained practically constant, 
but was considerably lower at a pressure of 349 mm. Hence somewhere 
between these two pressures the respiratory centre of the subject 
observed began to respond to deficiency of oxygen instead of excess of 
CO,, and “anucapnia” in Mosso’s sense began to occur. This result 
agrees closely with our own observations on the effects of deficiency of 
oxygen. The oxygen pressure in air containing 13°/, of oxygen at 
normal pressure corresponds to that in pure air at a pressure of 472 mm., 
or a height of about 12,000 feet. In dry air containing 6-28°/,, as in’ 
the last of our tabulated experiments, the oxygen pressure corresponds 
to that in pure dry air at a pressure of 226 mm., or a height of 31,000 
feet. The balloonists Sivel and Croce-Spinelli lost their lives at a 
height of 28,300 feet; and Glaisher and Coxwell narrowly escaped at 

29,000 feet. To judge from the data recently obtained by Loewy and 
Zuntz*, the hemoglobin of blood saturated with air containing 6'22°/, 
of oxygen could only take up about two-thirds of its full charge of 


oxygen. 


THE ALVEOLAR CO, DURING MUSCULAR WORK. 


To investigate the alveolar air during muscular work we saad the 
following method. An old tricycle, provided with a brake on the axis 
of the two driving wheels, was fitted up so that the wheels were off the 
ground. The brake consisted of a strap passing round the brake-wheel. 


1 Comptes Rendus, oxxximt. p. 949. 1901. 
* Loewy and Zuntz, Archiv f. Anat. u. Physiol., p. 166. 1904. 
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One end of the strap was attached by a cord passing over a pulley to a 
weight, which could be varied at will. The other end was attached to 
a spring balance indicating’ pounds. When the tricycle was worked 
the pull on the spring balance minus the pull due to the weight alone 
indicated in pounds the resistance offered by the brake. This figure, 
multiplied by the circumference of the brake-wheel in feet, and the 
number of revolutions of the brake-wheel per minute, gave the work 
done in foot-pounds per minute. The driving wheels were meaely 
weighted so as to convert them into fly-wheels. 
: The respiratory exchange during work with this apparatus was deter- 
mined when required as follows. A piece of rubber tubing about 1 inch 
in diameter was connected with a large meter, and through the tubing 
and meter a steady current of air was aspirated by means of a 
centrifugal fan driven by a gas-engine. About 6 feet from the open end 
of the tubing there was a T tube let in, and this was connected by a 
short piece of flexible tubing with a mouthpiece through which the 
subject of the experiment breathed. The air-current was regulated so 
as to be always sufficient to carry forward the whole of the air expired 
at each breath, aud thus furnish pure air for inspiration, At a point 
near the meter, and several feet from the mouthpiece, a hole was bored in 
the tubing, and through this projected the end of a gas-sampling tube, 
_ This tube was filled with mercury before the experiment, and was 
allowed to empty itself at a constant rate during the observation. An 
average sample of diluted expired air, containing not more than.1°/, of 
CO,, was thus obtained, and was accurately analysed to ‘01°/,. From the 
composition of this sample, multiplied by the corrected volume of air 
passing through'the meter per minute, the respiratory exchange could 
be determined. If the air entering the free end of the tube was not 
pure outside air it was also necessary to analyse a sample of it and 
make a corresponding allowance in calculating the respiratory exchange. 
The samples of alveolar air during work. were taken in the ordinary 
way described above. The work was, however, continued at the same 
rate for about two minutes or more before each sample was taken, so 
that the lung-ventilation had become constant. , 
‘The following table shows the results’ of the analyses, together with , 
the work done per minute, and the increased respiratory. exchange as 
calculated ‘Approximately from — experiments. 
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Effects of work on the alveolar OO, percentage. 


Work in respiratory A. ~ 

3.8. i880 5-10 5°80 

4140 666 6°61 

” 4850 5°20 6°19 

3380 5:42 5°78 

8160 579 588 

2530 5°48 6°15 

Mean J. 8. H. 8320 5-44 6-05 

Rest 5°54 5°70 
J, G.P. 2420 118 6-83 
661 6°51 6°56 
2460 | 6°60 7°04 6°82 

2540 | 6-06 6°64 

Mean J. G. P 2840 $8 698 6°72 
Rest 1 6°17 6:39 
J.8. H. & J. G. P. 2800 6-515 . 6-235 
Rest 1 5855 6045 695. 


It will be seen that in both subjects there was a slight but distinct 
rise in the alveolar CO, during work, the average for the two subjects 
showing a rise of 0°285°/,. It was shown above that when air rich in 
CO, was breathed a rise of 0°3°/, in the dlveolar CO, increased to about 


2°5 times the alveolar ventilation. 


Allowing for the fact that owing to 


the greatly increased CO, production during work the balance between 
the CO, pressure in the blood and that in the alveolar air is probably 
less perfect during work than during rest, the mean results correspond 
well to what might be expected @ priors on the hypothesis that the 
hyperpnoea of muscular work is due to a rise in the CO, pressure in the 
respiratory centre. It must, however, be borne in niind that alterations 
in the circulation during work probably modify the result to some 
extent: There are also other possible factors coming into play during 
muscular work, and these will be discussed below in connection with he 
experiments of Geppert and Zuntz on the same subject. 
The table shows that during muscular work the difference ‘between 
the samples taken at the end of inspiration and these at the end of 
expiration was usually much greater than during rest. The deeper 
inspirations of pure air during work make this difference readily 


intelligible. 
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In some of the experiments the oxygen percentages were also deter- i 
mined during both rest and work, and corresponded closely to the CO, | 
percentages, allowing for the respiratory quotient existing at the time 
of the experiment. Exhausting work, such as would produce an ab- 
normal respiratory quotient, was carefully avoided, for reasons which will 
be evident from the discussion at the end of the paper. 


THE DEAD SPACE IN BREATHING. 


ti is s evident ‘that at the end of each expiration the air-passages, | 
up to.the external-openings of the nose or mouth, are filled with alveolar 
air, At the next inspiration this alveolar air has to be drawn back into 
the alveoli before fresh air begins to enter the latter: hence the part of 
each inspiration corresponding to this “dead space” must be ineffective 
except in so far as there may be a limited gaseous interchange between 
the air in the air-passages and the blood-supply to the mucous membrane 
lining the air-passages. The dead space in avy individual may evi- 
dently vary to some extent according to the degree of —e ress the 
bronchial muscle. 
» ‘There are no direct means of determining to what extent the air- 
passages, and particularly the small bronchi, are capable of performing 
respiratory functions; but it is clear that since we can ascertain (1) the 
composition of the alveolar air, and (2) that of the expired air, together 
with the volume of air per respiration, we can determine the volume of 
the effective dead space. Thus if the alveolar air contains 6°/, of CO, 
and the expired air 4°/, with a total volume (measured moist, at 37°) 
of 600 c.c., the expired air may be regarded as made up of 600 x ¢= 400 
cc, of alveolar air, and mos cc. of pure air. The effective dead space 
will thus be 200 ac. . 

In the following experiments the expired air was divided into two 
successive portions, which were collected separately in india-rubber bags 
connected with the limbs of a T tube placed close to the mouth. The 
two portions were then analysed. Control experiments had proved that 
no appreciable error arose from absorption of CO, by the walls of the 
bags during the very canis time before: ee were removed from 
for 
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H. J. G. P. 

Volume in c.c, olume 

Volume tn 0. 005 
123 0°32 146 0°86 
part 886 551 814 4°55 

First 218 8°02 817 2°66 
148 5°57 274 4°54 
First 252 2°36 136 2°09 
act 582 5°56 875 4:97 
First 145 1°59 97 1-96 
Second part 257 5°66 441 4°86 


These figures demonstrate clearly the influence of the dead space, 
and show that most of the air in it is washed out in the first 150 or 200 
c.c. of expired air. The results are, however, somewhat irregular. | 

In a further series of experiments the whole of the air expired in one 
deep expiration during normal breathing was measured and analysed, and 
the dead space estimated on the assumption that the alveolar ‘air con- 
tained a certain percentage of CO, In most cases the alveolar CO, was 
determined by separate experiments made at the time, and when this 
was not done the average alveolar CO, for J.G. P. or J.S. H. was 
assumed. The results are given in the accompanying table. = 


J. G. P. J. 8. H. 
moist. air (dry) dead space moist _ air (dry) dead space 
812 4°96 172 946 4°17 243 
1160 5°39 164 1010 4°72 162 
598 4°97 143 705 4°63 124 
708 4°88 158 684 3°89 209 
644 4°63 169 1005 4°47 229 
1082 oc... 186 877 4°60 172 
1015 5°50 165 922 4°89 133 
5°54 122 1228 4°60 241 
1152 5°96 116 
1083 5°83 135 
868 5°47 90 
895 §33 100 
694 5°00 125 
Mean — = 142 189 


It will be seen that the results of individual experiments varied by 
about 30°/, on each side of the mean. This is, however, very much 
what would be expected considering the variations observed in individual 
determinations of the alveolar CO, percentage. The mean result ob- 
tained was 142c.c. for J.G. P. and 189 ce, for J. 8. H. As will be seen 
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below, these: volumes correspond to about 30°/, of the volume of a 
normal respiration during rest. | | | 
Loewy? has estimated the volume of the dead space by other 
methods. Our results appear to correspond fairly well with his estimate, 
allowing for differences in size of the subjects investigated. | 


‘THE NORMAL RESPIRATORY VENTILATION DURING REST. 


The experiments detailed in previous sections have shown that the 
normal:lung-ventilation is suchas to keep the pressure of CO,, or. the 
number of CO, molecules per unit volume of air, approximately constant 
in the alveoli. ‘Alveolar ventilation with fresh air inspired is; however, 
owing to the existence of the dead space, different from total respiratory 
ventilation as measured by the volume of air inspired or expired per 
minute: nor need there be any constant relation between the total re- 
spiratory. and the alveolar ventilation, even in the same individual. 
Thus if the dead space be 180 c.c. the alveolar ventilation will be about 
the same (4320 .c.c. per minute) whether a person breathes 8 times per 
minute with a depth of 720 c.c. per respiration, or 40 times per minute 
with a depth of 288 cc. Yet in the first case the respiratory ventilation 
will be 8 x 720 =5760 c.c. per minute, and in the second case 40 x 288 
=11,520'c.c. per minute, or just twice as much. as | 


YY 


. In-investigating the normal respiratory ventilation it is evidently 
important to avoid ‘breathing through tubes, valves, ete, and equally 
itnportant to have a definite quantitative record of thé air breathed. In 
Phiger’s ‘Archiv, p. 416, 1894, 


> 
, 
4 
‘Wea 
5: 
“3 
44 
4 
il 
~ 
—_ 
i 
~~ 
~ S 
q 
4 
‘ 
4 Fig. 2. Body-Plethysmograph for recording respiration. 
2 
z 


LUNG VENTILATION. |. 243 


order to sik these two objects we employed. a body-plethysmograph 
arranged as follows (see Fig, 2). 

The box of the plethysmograph was of such a size and shape as to 
include as small a space as practicable, and yet enable the subject of the 
experiment to sit in. perfect comfort. Its internal dimensions were as 
follows:—Floor, 45 inches long. Back, 194 inches wide x 24}. inches. 
Lid, 194 inches wide behind x 16 inches in front x 143 inches. Sloping 
front, 374 inches x 16 inches x 10 inches. End, 10 inches wide by. 124 
inches high. 

- The lid was in two parts, with a donde aperture in the middle, 
through which the neck passed. Thumb-screws were provided for 
fastening it to the box, and all joints, screw-holes, etc., were made tight 
with “ plasticene ” (modelling wax). Air-tight connection was made 
between the neck of the subject. and the lid of the box by means of 
a rubber collar with a broad flange, which was slipped over the head, 
and fitted the neck as tightly as possible without causing congestion. 
The flange was pressed down tightly on a layer of plasticene on the lid 
of the box by a ring of wood. This wooden ring was of course in two 
pieces, and was pressed dowii on the collar by means of thumb-screws. 

In the side of the box were two holes into whieh tubes were fitted 
by means of corks. One of these was connected with a rubber tube for 
letting air into or out of the box to adjust the level of the writing-point 
and counteract, if necessary, the influence of rise of temperature in the 
box.. The other was connected with the recording apparatus by means 
of rubber tubing of 1 inch diameter. - ; 

The recording apparatus itself was arranged as shown in the figure. 
The cylinder suspended to the balance beam was of light tin plate. 
Two sizes were used—of 8 and 12 inches diameter—according to the 
depth of breathing expected. As the up and down movements of the 
cylinder and writing-point were small the up and down movements of 
the writing-point traced on the smoked cylinder were proportional to 
those of the bell-jar. 

The plethysmograph was calibrated and tested as follows :—A large 
Wolff’s bottle.was connected by rubber tubing with the box. Varying 
volumes of water were then run out of the bottle into a measuring 
cylinder, and the corresponding vertical tracings on the smoked cylinder 
noted. The results showed bow many c.c. of air passing into or out of 
the plethysmograph corresponded to one mm. of vertical measurement 
on the récord. Thus by measuring the respiratory tracings the volume 
of air breathed could be readily calculated. The'reliability of the record 
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was further tested by pumping a constant volume of air into and out of 
the box at varying rates. It was found that the tracing showed hardly 
any error from the effects of the inertia of the recording apparatus. 
Expansion of the air in the box owing to rise of temperature caused 
practically no trouble, as by the time the subject had been closed into 
the box and. all leakage stopped, its temperature had become almost 
constant.. 

Brodie’s clock every tenth second gave a time 
teil which the frequency of the respirations could be calculated. . 
. ' For investigations on the effects of changes in the composition of the 
inspired air, and also for determinations of the respiratory exchange, a 
small box enclosing the head of the subject was fixed air-tight on the 
lid of the‘plethysmograph by a plasticene.joint. The inside dimensions 
of this head-box were 16 x 124 x 14 inches, so that its capacity was 
about 1°6 cubic feet or 45-litres. It was provided with a glass front so 
that the face of the subject could be seen. At one side was fixed a 
rapidly revolving fan, which kept the air inside thoroughly mixed. 
Through the roof of the head-box 2 tubes of # inches diameter were 
passed. These could be used for obtaining a constant current of air or 
any gas-mixture, or they could be closed and the effects studied of the 
CO, which gradually accumulated in the box. In the latter case a large 
bladder was attached to one of the tubes, in order to prevent the 
respirations causing alterations of pressure within the -head-box. — 

' Through one side of the box there was passed a capillary glass tube, 
one end of which was situated just in front of the nose and mouth of 
the subject.. The other end was bent downwards at right angles and 
could be attached toa gas-receiver provided with a 3-way tap, for . 
taking a sample of the air inspired. A sample was taken as follows. 
igh gas-receiver, filled with ‘mercury up to the 3-way tap, and inverted 


Fig. J. G. P. ‘1 mm. =55°3 ¢.c. Time-marker = 10 seconds. 
partly off the paper for five respirations. 
Li are read from right to left. Down stroke =inspiration. 
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over mercury, was attached to the capillary tube. By means of the free 
limb of the 3-way tap some air from the box was sucked out during 
inspiration, so that the capillary tube, etc., were left filled with the air 
from the head-box. The 3-way tap was then turned ‘so that the 
gas-receiver itself became filled with air from the head-box during 
inspiration. The point at which the sample was taken was at the ‘same 
time marked on.the record by an electro-magnetic signal. — o 

Figs. 3, 4, and 5, show normal tracings from several individuals; and 
the following table gives the volume and frequency of fo saa and 
the volume of air breathed per minute. 


Fig. 4. J. H. (age 104). Small tin. 1mm.=25-40.c. Time-marker=10 seconds. 


Fig. 5. “Mrs G. Small tin, 1 mm, =95°4 0.0, Tine marker=10 seconds, 


-It will be seen from the table that the average depth of respiration 
(tidal air at 37° saturated with moisture) was 604 c.c. in the subjects of 
the observations, who were healthy men of’ ‘ages from 20 to 43. 
Measured at 0° and dry, the average tidal air would be’ 500 «.c., or 
at 15°; moist, 536 -c.c.. The average frequency was '15°2 respirations 
per minute, and the average volume breathed per minute was 8°55 litres 
at 37° (moist) or 7-08 litres at 0° (dry).° The tidal air varied in different 
individuals from 1777 to 400 c.c. (at 37° moist), and the volume breathed 
per minute from 6°01 to 16°88 litres. It should ‘be noted that the 
average volume breathed per minute is not the same as the average tidal 
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respirations Average per pero 

H.C.8. 5°10 762 470 - 15% 
AGT. 60 . 66-0 146 679: 103 
RT 56 59-0 545 7°08 120 
5% 68°6 - 507 
60, 69°7 442 16-0 7:08 
A.G.B.P. 6-11} 65-0 642 18-0 9°76 150 
Ol, 64-0 400 840 181 
594 1777 9°5 1638 288 
*J.8.H. 5-114 83-0 678 141 9°50 114 
B.H.W. 88-0 632 14-0 8:85 106 
Mean 70°0 604 855 121 
Mrs G 878 6-02 
J.B...) 4. | 

242 21-0 5-08 115 


* Average of two or more observations. . 


air multiplied by the average frequency. No relation can be oer in the 
table between lung-ventilation and weight or height of the individual. 
It will also be seen below that even in the same individual the. tidal air 
and volume breathed per minute vary greatly at different times. The 
tracings further show that the depth of successive respirations nearly 
always varied appreciably. In some individuals this was very marked, 
and in others much less so. These variations in the depth of succes- 
sive respirations show that individual determinations of the alveolar CO, 
by the method described above must, at the best, vary very distinctly. 

The average figures obtained by us for the volume of air breathed 
per minute, and the volume of the tidal air, show that the older 
estimates, giving much lower figures, are incorrect. Hutchinson, for 
_ instance, estimated the tidal air during rest at from 105 to 198 cc. 
(measured at 15 5°). Marcet! found that with 16 respirations per 
minute the tidal air, reduced to 0°, averaged 250 c.c. in the two persons 
examined. This is considerably below our lowest observations, and it 
is pretty evident that the men he experimented on had an exceptionally 
low respiratory exchange. They were, in addition, inspiring through 
: a) nose, and expiring through the mouth; This would: diminish the 


1 Marcet. This Journal, xx1. p. 24. 1897. 
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volume of. the dead space, and so reduce still further the volume of air 
breathed. 

There are several causes for the variability of the volume of air 
breathed ; and these may be discussed in the light of the evidence 
already given that the alveolar CO, pressure temains practically 
constant for each. individual. 

In the first place the CO, production, even during complete rest, 
varies greatly in different individuals and at different times in the same 
individual. The variation depends partly on individual idiosyncrasies 
as regards the resting metabolism (measured in terms of energy-liberation), 
__ partly on variations due to meals, etc., and partly on the fact that differ- 
ent food-materials differ considerably as regards the amount of CO, 
which they produce for a given liberation of energy. 

A second important factor is the fact that in different individuals 
the normal alveolar CO, percentage differs very considerably, as will be 
shown more fully in a subsequent paper. A person with a high alveolar 
CO, percentage will, other things being equal, breathe less than a person 
with a low percentage. 

A further factor is the variation of the. dead space in different 
- individuals. A person with a larger dead space will, other things being 
equal, have to breathe more air in order to maintain a given alveolar 
ventilation. 

Still another factor is the varying frequency of respiration. In 
consequence of the existence of a dead space a person who breathes more 
frequently will, other things being equal, have to breathe more air in 
order to maintain a given alveolar ventilation. 

In view of the many factors concerned in determining the volume of 
air breathed per minute, and the fact that the frequency of the 
respirations during rest is very variable, it is not to be wondered at that 
both the volume of air breathed per minute, and the tidal air, are very 
variable, even when allowance is made for differences in weight and 
height. The one approximately constant factor as regards the lung- 
_ Ventilation in each individual would seem to be the alveolar CO, 

pressure. | 

As the volume of the dead space was only determined in the case of 
ourselves we could not calculate the alveolar ventilations corresponding 
to the total respiratory ventilations recorded.in the preceding table. 
The following table, however, shows the alveolar ventilation calculated . 
from observations at various times on ourselves during rest in the 


plethysmograph box. The alveolar ventilation is of course the total 
PH. XXXII. 17 
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respiratory ventilation per minuté minus the:dead: space ee by 
the number of inspirations per minute. 

It will be seen from this table that in-the case of J. G. P. the aivacler 
ventilation per minute varied from 3:02 to: 6 87 litres, ‘the total 
respiratory ventilation varying from 5°80 to 9°39 litres, In the case of 
J. 8. H. the alveolar ventilation varied from 6:04 to 7°02 litres, the total 
respiratory ventilation varying from 8°49 to 9°84 litres. These differences 
were evidently due to variations in the production of CO, in the: body. 
The greater variations in the case of J. G. P. were’ possibly due to the 
fact that during part of the experiments he was in training for a boat- 


Litres of 
Depth ot Number of Litres of alveolar 
Subject in cc, per minute — per minute per minute 

J.G.P 446 14 6°26 4°30 
” 498 bb 7°47 5°37 
” 890 15 5°85 3°75 
ne 522 18 9°39 6°87 
” 446 16°5 7°35 504 
” 498 16 797 5°73 
” 324 16°3 5°30 3°02 
” 416 17 9°07 4°69 
Mean 442 16 7°08 4°85 
J.8.H 849 10 8°49 6°59 
729 9°49 702 

656 15 9:84 6°89 
567 16 9°08 6°04 
680 14 9°03 6°39 

” 663 14 9°30 6°64 
* 594 16 9°51 6°46 
644 16. 9°66 6°81 
Mean | 9°30 6°60 


EFFECTS OF EXCESS OF CO, ON THE RESPIRATORY. VENTILATION. 

For the purpose of studying the effects of CO, on the respiratory 
ventilation we placed the small box already described over the head of 
the subject in the plethysmograph. He thus breathed air in which the 
CO, produced by himself gradually accumulated. Samples of this air 
were taken at intervals with the precautions already described; and 
the depth and frequency of the respirations at the corresponding fimes 


_ were calculated from the corresponding parts of the tracing. Usually 
about four samples of air were taken during each experiment. 


The — table summarises ‘the results obtained. As the normal 
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respirations while the subject was breathing pure air were also recorded 
at the beginning of each experiment; it was possible to calculate for 
each’ observation the. increasé in the depth and’ frequency of tlhe 
respirations ;‘and the results of these calculations are shown in separate 
columns. In calculating the alveolar ventilation, which is shown in one 
of the columns, we assumed a‘ dead ‘space of 190 cic. for J:S. H. and 


32° 14 112: 100 111, 116 
864 15 107 189 158 56 
geek 141 161. 5°8 
» 8 . 919 - 46 16 - - Ol 140 164 - 57 
224 88° s«196 278 59 
8. 45 822 6%. 
811 100 811s 41 68 
JG.P. 5 060 ‘616 £15 108 100 66 
1338. 107 141 155 65 
i. 800. 16 16. 18. 6:8 
» 4 4°56 969 195 - 238 (114 267, 343 63 
» 4°58. 26 - 126; 223... 207... «66 
205: 820 121 620 
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140 cc. for J. G. P. (see above). The last column shows the calculated 
percentage of OO, in the alveolar air, assuming that the percentage at 
the beginning of the experiment was 5°6 for J.S.H., 63 for J.G.P., 
and that the respiratory exchange remained the same: during the 
It is quite evident from this table that the smallest increase in the 
CO, percentage of the air breathed is accompanied by a compensatory 
increase in the alveolar ventilation, the latter increase being just about 
sufficient to keep the alveolar CO, percentage constant. The results 
thus confirm those obtained by direct determinations of the CO, 
percentage in‘ alveolar air while the subject was breathing air rich in 
CO, (see above). ‘It will also be seen’ that the increased alveolar 
ventilation was at first almost entirely obtained by increased depth: of 
the respirations, there being little or no alteration in their frequericy 
until the alveolar ventilation had been increased to about five times 
the normal. Owing to the’ existence of the dead space this means of 
increasing the alveolar ventilation is evidently much more economical 
than a simple increase in the frequency would be, since, as the table 
shows, with increasing depth of respirations the alveolar ventilation 
increases more rapidly in proportion than the total respiratory ven- 
tilation. Mere observations of the frequency of respiration evidently 
afford no measure of the alveolar ventilation, and may be very misleading. 
It will be seen, for instance, that even when the alveolar ventilation was 
increased to three times the normal, there might be an actual diminution 
in the frequency of the respirations. The subjective impressions of the 
person breathing air rich in CO, may be equally misleading. It is only 
when the CO, percentage in air begins to exceed 3°/, that. the effect on 
the respirations of this air begins to be perceived by the person 
breathing it, provided that he is at rest. Yet with 3°/, of CO, in the 
air the alveolar ventilation was already doubled. A person doing even 
very moderate muscular work—for instance a miner at work in amine 
_ —will, it is true, very readily perceive the effects of 3°/,, or even 2°/, of 
CO, in the air. The reason for this is that the effects on the breathing 
of the muscular work and the CO, in the air are not merely added 
together, but multiplied together. They thus easily produce marked 
panting when they are in combination. x 
_ It will be seen from the table that when the percentage of CO, in 
the inspired air became very high there was a distinct rise in the 
alveolar CO, percentage. The actual rise was doubtless a little greater 
than appears from the table, since the increased exertion of breathing 
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must have somewhat raised the production of CO, in the body ; and for 
this reason we did not push the experiments etal but meres | in 
preference the method described on page 233. — 

The slight irregularities in the results. of different sheave are 
only such as might be expected cousidering all the sources of ‘slight 
error in the observations, and particularly the fact that the CO, 
percentage in the air breathed was gradually rising. A tracing of con 
graphic record from an experiment is shown in Fig. 6. 


Fig. 6. Graphic record of experiment on effects of CO, on the respiratory ventilation. 
J. 8. H. Large cylinder: 1 mm.=55°3 c.c. Time-marker=10 seconds. To be read 
_ from right to left, The lower tracing continues the record of the upper one. Inspira- 
_tion =down-stroke. Samples of the air breathed were taken at the points marked 
1,8, 8, and 4, and contained the following peroentages of CO, : 


Sample 1=2°81°), of CO,. 
” 2=3°78 
” 4=5°48 ” and 18°97 of 0,. 


_ EFFECTS OF MUSCU LAR WORK ON THE RESPIRATORY VENTILATION. | 


- For determining the respiratory, and particularly the alveolar, 
ventilation during muscular work we employed the following method. 
The subject, sitting in the box of the plethysmograph, moved his 
legs. backwards. and forwards at a fixed rate against the resistance of a 
stout india-rubber band. ‘His head was enclosed -in the smaller box, 
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through ‘which passed a constant and measured air-current sufficiently 
rapid to prevent any backward flow during expiration. After the work 
had continued for some time a sample was taken, in the manner already 
described (p. 288), of the air passing from the head-box to the meter, : 
and the CO, production per minute calculated, the CO, in the air of == 
the room being also determined and allowed for. The graphic. record fe 
showed the amount-of air breathed per minute. A similar determina- 
tion was also made of the CO, produced and air breathed during rest. 

From the data obtained the alveolar ventilation with pure air could 
easily be calculated, assuming that the dead space was 140 c.c. for J.G.P. 
and 109 cc. for J. 8. H. The following table gives the main results 
obtained. The alveolar CO, percentage was calculated on the assumption 
that during rest the percentage was 63 for J. G. P. and 5°6 for J. S. H. 


_ Respiratory ventilation during work. 


Air’ breathed Alveolar venti- CO, produced Alveoa 
v = 
J.G.P. 238 292 290 6°3 
278 289 300 6°5 
J.8.H 206 212 205 54 
” 191 187 191 
: ” 170 188 183 5°45 
Mean 218 284 234 


It will be seen that durin work the alveolar ventilation was 
increased in exact proportion to the extra CO, produced. In other 
words, the increased alveolar ventilation was just sufficient to keep the 
alveolar CO,°/, constant. Had the work been harder we doubtless 
should have found that there was a distinct rise in the alveolar CO,. 
The position of the subject was, however, so awkward for work that we 
found it impracticable to increase the work without causing exhaustion, 
which we were very careful to avoid. 


DISCUSSION OF RESULTS AND FURTHER EXPERIMENTS ON APNEA. 


The experiments which have been detailed above indicate clearly that 
under normal conditions the regulation of the lung-ventilation depends on 
the pressure of CO, in the alveolar air. Even a very slight rise’ of fall in 
the alveolar CO, pressure causes a great increase ‘or diminution in the 
lung-ventilation. Thus we found that'a rise ‘of 0°2 *f, of an atmosphere 

' In the alveolar co, pressure was sufficient to double the ventilation of 
. the — alveoli. For each individual the normal alveolar CO, pressure 
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sppears to be an extraordinarily sharply Getined Physiological con- 
stant. 

' By what paths do variations of the alveolar CO, pressure affect the 
respiratory centre? All the available evidence appears to us to point 
clearly to the conclusion that the arterial blood, and this alone, furnishes 
the connection. Against the existence of a nervous connection through 
the vagus or sympathetic, suggested originally by Marshall Hall’, are 
the facts that, as shown by Geppert and Zuntz®, hyperpnea occurs as 
usual, and in the same degree, whether or not the vagus and sympathetic 
have first been cut, and whether or not the nervous connections between 
the active muscles and the respiratory centre have been severed. The 
fact that after section of the vagus CO, hyperpnoea occurs just as 
rapidly as before section was also shown by Haldane and Lorrain 
Smith’; and the lung-ventilation appears to be the same after section 
of the vagi, in spite'of the greatly diminished frequency of respiration‘. 
Speck’, who rightly maintains that ©O, is the normal stimulus to the 
respiratory. centre, puts forward the theory that the stimulus is carried 
to the respiratory centre by afferent nerves from the veins throughout 
the body. He is led to this theory by the difficulty of otherwise reconcil- 
ing the CO, theory with the experiments of Geppert and Zuntz on the 
gases of the arterial blood-during muscular work. As will be pointed 
out below this difficulty is only apparent; and Speck’s theory itself 
involves endless difficulties, one being that hyperpncea is not caused by 
obstruction, or partial obstruction, of the circulation of a limb, although 
the veins are filled with asphyxial blood. 

There is clear positive evidence that the blood is itself a carrier to 
the respiratory centre of stimuli which produce hyperpnea. The most 
striking proof has been furnished by Fredericq‘, who showed that 
apnea is produced in an animal whose respiratory centre is supplied 
with arterial blood from a second animal to which artificial — 
is applied. 

The previous experiments of Geppert and Zuntz’ on this point 
are equally convincing: Hence, assuming that CO, is the normal 
stimulus to the respiratory centre, there is-no room for doubt that it 


1 Memoirs on the Nervous System, p. 87. 1837. 

_ Pfliiger’s Archiv, pp. 195, 209. 1888. 
3 Journal of Pathol. and Bacteriol. 1. p. 179. 1892. 
* Rosenthal. Hermann’s Handbuch der Physiol. tv. p. 281. 
8 Speck. Physiologie des menschlichen Athmens, p. 231. 1892. 
© Archives de Biologie, xvtt. p. 568. 1901. 
7 Loe, cit. 
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- is through a rise in the CO, pressure of the blood supplying the Shai 
that the stimulus is furnished. 

Normal hyperpncea’, such as that due to muscular work, may be 
exiled as follows. The venous blood, returning to the lungs in 
larger quantity, and probably also more highly charged with CO,, causes 
a rapid rise in the alveolar CO, pressure, and conséquent rise in the 
arterial CO, pressure. The respiratory centre is thus stimulated to 
increased activity, with consequent lowering of the alveolar CO, 
pressure, until a point is struck at which an equilibrium is maintained 
between the effect of the increased supply of venous blood in raising 
the arterial CO, pressure and that of the increased. respiratory activity 
in lowering it. If the rate of lung-ventilation is suddenly disturbed by 
such means as holding the breath, forced breathing, breathing through 
a long tube so as to greatly increase the dead space, breathing a mixture 
rich in CO,, ete., it will be noticed that the centre does not at once 
adjust itself to the new conditions, but that one or more oscillations in 
the rate of lung-ventilation occur before a state of equilibrium is 
reached. Thus when air moderately rich in CO, is breathed the 
respirations gradually increase in depth till a maximum is reached, after 
which they diminish, and then again increase in depth. Two or three 
oscillations of this kind may sometimes be observed before the centre 
settles down to the depth corresponding to the mixture breathed (see 
tracing, Figs. 7 and 9). These oscillations are evidently due to the fact 


Fig. 7. Hyperpnwa with initial periodic breathing, produced by breathing through a 
piece of tubing about 4 feet long and 1 inch in diameter. Record obtained as described 
on page 242. Time-marker=10 seconds. To be read from left to right. Down- 
stroke = inspiration. 


that there is a considerable interval of time between the moments 
when the CO, pressure in the alveolar air and that in the respiratory 
1 To denote a normal increase in the lung-ventilation the word “ hyperpnaa” seems 


a which implies distress as an accompaniment of the 
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centre attains its maximum or minimum. If this interval were much 
longer than normal, or if the effect of the abnormal blood on reaching 
_ the centre were sharper, Cheyne-Stokes breathing would evidently be 
produced. When a larger amount of CO, has to be discharged into the 
alveolar air, as during muscular work, equilibrium between the CO, 
pressure in the alveolar air and that in the arterial blood is probably 
not quite so perfectly attained as when a normal amount is discharged. 
Consequently the alveolar CO, pressure will not be quite so high 
during the hyperpnea of muscular work as during a corresponding 
hyperpneea due to inhalation of CO, during rest. 

The explanation just given accords with the phenomena described 
above (p. 239), and holds whether we assume that the CO, passes out 
into the alveolar air by diffusion alone, or partly by a process of active 
excretion, as maintained by Bohr. 

Our experiments prove that the respiratory centre is extremely 
sensitive to any increase of CO, pressure above normal. We know from 
other evidence that a great increase in the CO, pressure has a narcotic 
effect on both the respiratory centre and the nervous system as a whole. 
Many of the experiments which have been made on the respiratory 
centre have been far too coarse to distinguish the normal exciting effect 
from the altogether abnormal narcotic effect. Experiments on man 
have the great advantage that the phenomena can be observed so fully 
that sources of fallacy due to the narcotic effect and various other causes _ 
can be readily avoided. 

 For“chemical” apnoea (as distinguished from “vagus” or “distention” | 
apnea, if such a thing exists) the following explanation seems to agree 
with the facts recorded by previous observers and by ourselves. The 
forced or artificial _ respiration causing the apnea lowers the CO, 
pressure in the alveolar air, and consequently in the arterial blood. 
The: consequence is that CO, is washed out of the centre, and the CO, 
pressure in its cells is lowered below the threshold value at which 
activity of the centre begins. Not only so, but CO, is washed out of 
the tissues of the body generally, so that even the venous blood may 
have a lower CO, tension than corresponds to the threshold value for 
the respiratory centre; and blood which is quite dark in colour may 
thus fail to excite the centre. Asa consequence it will be a considerable 
time after the forced or artificial respiration has ceased before the CO, 
pressure in the cells of the respiratory centre again arises to the 
threshold value; and it may happen that the centre is first again 
actually excited, not by CO,, but by deficiency of oxygen. That excess 
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of oxygen in the alvedlar air: cannot be the cause of ordinary apnea 
was clearly pointed out by Hoppe-Seyler’, and as:early as 1865 Thiry* 
had shown that apna can be produced by a mixture of equal parts of 
hydrogen and air. On the other hand, all observers are agreed that 
during apnoea there is a diminution i in amount 
in arterial blood®. 

Owing to the difficulty in producing inde just after euckiots of the 
vagus nerves in rabbits‘, it was at. one time generally believed* that 
apiicea is due almost solely to a summation of the inhibitory vagus 
stimuli produced, as shown by Hering and Breuer, by distention of 
the lungs.. Fredericq has, however, proved by the crossed cireulation 
experiment ‘already referred to, not only that apnoea can be easily and 
promptly produced (within 10 seconds) in the first animal by artificial 
respiration of the second, but that this apnea is accompanied by a 
marked lowering of the CO, pressure in the blood: supplied to the apneic 
centre, and is not produced by a mere rise in the oxygen pressure: of 
the: blood. He also pointed out that apniea can easily be produced by 
artificial respiration in the dog after the vagus nerves ‘have been: cut. 
Why: this experiment succeeds so imperfectly with rabbits is not yet 
clear, In’a recent paper Mosso* has shown that inhalation. of a deep 
breath of. hydrogen, but not of CO,, produces temporary apnoea in man, 
and he ‘regards apnea in man as due to’ diminution of CO, ‘in the 
arterial blood, and not to inhibition of the centre by vagus afferent 
impulses. 
Teviewing the evidence in of the existence of “vagus 
apnoea” we believe it to be wholly inconclusive, while on the other hand 
the proof that apnoea is caused by decrease below a threshold value of 
the CO, pressure in the respiratory centre is clear. It is true that, as 
was pointed out by Haldane and Lorrain-Smith’, the Hering-Breuer 
arom of inspiration by dilatation of thé lungs is still = —? 


Hoppe- Zeitschr. f. physiol, Chemie, p. 104. 1879. 

* Thiry. Recueil des travaux de la Société médicale allemande, p. 59. 1865. 
 § Ewald, Pfiiger’s Archiv, 1, p. 100, 1868 ; Fredericq, Archives de Biologie, XVI. 
p. 570. 1901. 

Head (This Journal, x. 45. 1889) showed that itis to produce apnosa in the 
rabbit if some time has elapsed after section of the vagi. 

* Brown-Sequard, Comptes rendus de la Soe, de biologie, p. 185, 1871; Gad, Arch. 
Ff, Anat, 4. Physiol. p. 28.1880; Knoll, Sitsber. der Akad. der Wissensch. Wien, uxvm. (3), 
p. 112, 1883, : 
* Mosso. Archives Ital. de Biologie, xu. p. 19. 1908. 
and Lorrain Smith. Journal of Pathol. and Bacteriol. 1. p. 179. 1892. 
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produced even during the onset of violent hyperpnoea due to.air rich in 
CO,, ,This effect:is, however, quite distinct. from ordinary apnoea, and 
in‘none of the experiments which have been published on apnoea has 
any proof been afforded that the apnoza has not been due to diminution 
of the CQ, pressure in the arterial blood; Experiments showing that 
temporary: .apticea can be produced with are quite 
inconelusive'on this point’. 

We have made on ourselves’ what appears to ns to be the crucial 
experiment of ascertaining whether apnoea can be produced by air 


Fig. 8. | : Fig. 9. 
Fig. 8, Apnoic pause after six forced respirations with pure air, 

Fig. 9. Absence of apnaic pause after seven forced respirations with air containing 
4:98 9], of CO,. The first and last parts of this tracing also show the oscillations 
in lung-yentilation. following # disturbance of the balance between the composition of 
the alveolar air and the activity of the centre. 


hydrogen, ete., that ‘‘the constitution of the atmosphere in the lungs does not determine 
the form assumed by the apnea in a normal animal” ; and that ‘‘this apnea is due to 
the sammation of the stimuli caused by the periodic alterations in the volume of the 
Jungs.” He, however, made no experiments with air rich in CO,; and where he obtained 
‘apnoea-(in the ordinarily accepted sense) this was almost certainly due to diminution of the 
CO, pressure in the arterial blood. On the other hand, we think that some of his tracings 
‘(e.g. tracings 8 and 5, Plate V) show clearly that during artificial ventilation of the lungs 
all respiratory effort may be abolished in spite of the existence of a condition of the blood 
whith would ordinarily excite the respiratory centre, The rhythmic distention of the 


lungs thus inhibits each inspiratory effort as it is about to appear, though there is no 


‘evidence of a summation of inhibitory stimuli, If this effect during rhythmic ventilation 


known as apnoea, with which it is not identical. 
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eekitaalnt only a few tenths per cent. less of CO, than alveolar air. 
If a single deep voluntary inspiration of such ait be taken. after 
breathing pure air for some time previously, there is no appreciable 
pause before the next inspiration, while there is usually a distinct 
pause after a similar deep inspiration of pure air. If several very 
deep inspirations of the same mixture be taken there is no sign of a 
pause’, the only after-effect being that the next two or three breaths 
are less deep than subsequent ones, evidently because the alveolar CO, 
percentage is lower during the forced breathing than subsequently. 


: Fig. 10. Fig. 11. 
Fig. 10, Apnosie pause after @ single deep respiration of pure air. 
Fig. 11, Absence of apneic pause after a single deep respiration of air. 
containing 554°, of CO,. 
The records read from left to right, the up-stroke being inspiration. eins tnlisee 
=10 seconds. Records obtained as described on page 242. 


| With several deep inspirations of pure air the apneic pause is much 
longer than with only one deep inspiration. Finally, no apneic pause 
at all is obtained with a single deep inspiration if the air breathed 
previously contained even a very moderate percentage of CO,, just 
sufficient to produce distinct hyperpneea; but the next inspiration or 
two will be: less deep than before the deep inspiration (see ‘tracings, 
| 8 to 11). | 

We conclude from these experiments that after an extra deep 


be 1 For instance, with a normal alveolar 00, perosntage of 58, no could be 
produced with air containing 4-9 %), or 4:4 %/, of OO,. 
percentage the apnosic pause appeared and became gradually-longer. _ | 
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natutal itispitation, if pure air was inspired, a pause is' produced by 
the ‘effects of the unusually low pressure. 6f CO, ‘in the blood’ which 
before the next inspiration has had time to reach the centre. If, 
however, the CO, pressure in the blood ‘is: not reduced below the 
threshold ‘value there is no pause; and if, finally, the CO, pressure in 
the centre was already well above the’ threshold value before the deep 
inspiration, there is no pause, even though the alveolar CO, pressure 
is' for several seconds below the threshold value. We found nothing 
to suggest that repeated distention of the lungs produced a summed 
effect on the respiratory centre through the vagus nerves; and we > 
believe that no‘ such thing exists as “vagus apnea.” In further 
support of this belief we would point out that from the teleological 
point of view the existence of vagus apnea seems extremely im- 
probable. Nothing is more unlikely than that the amount of air 
breathed should: be regulated by nervous itmpulses acting directly 
contrary to physiological requirements; and in any case the evidence 
which we have previously ‘brought forward shows’ that though the 
influence of the vagus nerves on the depth of individual respirations 
is undoubtedly considerable, the regulation of the total respiratory 
ventilation is nevertheless wholly dependent on ‘the state of the ween 
passing through the respiratory centre. = 

Besides the CO, hyperpnoea which occurs. 
there is observed under abnormal conditions a form of hyperpneea due 
to want of oxygen. In view of its great pathological interest this 
oxygen hyperpnoea must be carefully considered. As shown above it 
began to appear in the subject investigated when the oxygen pressure 
in the air breathed fell to about 13°/, of an atmosphere, or when the | 
alveolar oxygen pressure fell to about 8°/, of an atmosphere. It is 
accompanied by symptoms of a distinctly pathological kind, such as a 
tendency to dizziness and loss of muscular power, disturbances of 
sensation, nausea, headache, and marked psychical disturbances similar 
in'some respects to those of alcoholic poisoning’. Oxygen hyperpneea 
is met with at greatly diminished atmospheric pressure, as in mountain 
climbing and balloon journeys at very high altitudes. It is also observed 

3 We found by analysis that a single fairly deep inspiration reduces the CO, percentage 
in the alveolar air by at least 1°/,, which is far below the probable threshold percentage at 
which the arterial blood passing from the lungs excites the respiratory centre. 
_ % For an account of those symptoms, whether produced by deficiency.of oxygen or by 
CO poisoning, see Le Neve Foster and Haldane, The Investigation of Mine Air, 
Charles Griffin and Co., London, 1905, pp. 142, ons 176; also auc cama 
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in’ mines, etc., in-air containing less than of oxygen’ and: 

-excess of CO,, as, for instance; in mixtures of fire-damp 
(CH,) and air. ‘It occurs still more commonly.ds:a syniptom of poisoning 
by carbonic oxide’, and also by the methemoglobin-forming group of 
poisons*.- Under all these conditions the hypérpnesa is undoubtedly 
produced by deficiency’ of’ oxygen in the. blood ; ‘and it is ‘important 


beatin: that, recently hoon shown: by aad 


Marro? on Monte Rosa, and by P. Bert; and Fraenkel and. Geppert, 
in experiments on animals subjected’ to low atmospheric pressures, or 
atmospheres poor in oxygen, the amount of CO, in the arterial blood is 
at the same time diminished, so that to judge from our experiments 
the respiratory centre doubtless ceases to be excited by the CO, 

pressure in the arterial blood as it begins to be excited by deficiency 
of oxygen. 

It is well known that at high altitudes the first: abnormal symptom 
experienced is unusual shortness of breath and failure of muscular 
power on any exertion. In atmospheres very deficient. in oxygen; as 
occurs sometimes in mines, wells, etc.,.a failure is also apt. to follow 
muscular exertion. In: partial carbonic oxide poisoning a. similar 
_ sudden failure occurs on any exertion, and was carefully studied by 
one of us‘. In all these conditions the amount of oxygen, and, ‘still 
more markedly, its average partial pressure; are, apart from the 
muscular exertion, reduced in the blood circulating through the tissues, 
including the heart. The reduced oxygen supply to the cardiac muscle, 
though it may suffice during rest, apparently cannot meet the require- 
ments during muscular activity, when the work. thrown on the heart is 
greatly increased; and the symptoms experienced appear to be due 
largely to cardiac failure. It must also be remembered, however, that 
when ‘the deficiency of oxygen is so considerable that even during rest 
_ the respiratory centre is being excited by lack of oxygen, the increased 
hyperpnea during muscular exertion will be brought. about by a still. 
further deficiency of oxygen: inthe arterial blood, and this further 

deficiency may be very considerable, as lack of oxygen’ is relatively an 

inefficient stimulus to the centre. Hence, apart from heart-failure and 
fall of blood-pressure, the central nervous pues will ee be affected 


Haldane. 201, 1895 ; 480. 1895. 
_ * Haldane, Makgill, and Mavrogordato. This Journal, xx1. p- 160. 1897.. 
Mossoand Marro. Archives Ital. de Biologie, xxx1x. p,'402. 
* This Journal, xvi. p. 443. 1895. 
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If, after an animal has for some time breathed an atmosphere very 
poor in oxygen, or at very low pressure, the oxygen .pressure in the air 
is suddenly raised, it is evident that apnea may be produced; for the 
hyperpneea due to the lack of oxygen will have removed a large pro- 
portion.of the CO, normally present in the blood and ‘tissues, and it 
will take some time before CO, again accumulates in the venous blood 
in sufficient quantity to excite again the respiratory: centre. This 
appears to be the true explanation of the “apnoa produced by —_ 
which Mosso has described in a recent paper’. 

In eases of disease accompanied by failure of the circulation oxygen 
hyperpneea certainly plays a prominent part, and the fact that this is 
not normal hyperpnoea due to rise of CO, pressure in the arterial blood, 
but abnormal hyperpneea due to want of oxygen, is probably the key to 
an understanding of various abnormal respiratory and other phenomena 
which: often accompany hyperpnoea in cases of heart-disease, etc. When 
the circulation is abnormally slow, and accompanied by cyanosis, etc., 
as in heart-disease, the respiratory centre is abnormally excited, as the 
arterial blood passing through it becomes more venous than normal. 

The consequence of this abnormal excitation is that the alveolar 
ventilation is abnormally increased. The increased ventilation cannot 
materially increase the supply of oxygen carried by the arterial blood, 
but can very materially. decrease the CO, pressure. The consequence 
of this is that the tissues, including the respiratory centre, are supplied 
with blood which keeps the CO, pressure at, or below, the normal, but 
allows the oxygen pressure to fall far below the normal. Cyanosis, 
accompanied by all the effects of want of oxygen, but unaccompanied by 
the marked effects of excess of CO, on the respiratory centre, is thus 
produced. Hence while cyanosis produced by hindrances to respiration, — 
or to respiratory exchange in the lungs, would be accompanied by 
intense hyperpnea due mainly to CO,, circulatory cyanosis may be accom- 
panied. by only very slight hyperpnea. ; 

It remains for us to refer to some experimental ovudenne io is 
apparently inconsistent with the theory of respiratory regulation which 
we have put forward. As already remarked, many of the experiments 
on the regulation of respiration are evidently defective through being 


Mosso. Archives Ital. de Biologie, x11: p. 188. 1904. Mosso also observed a 

diminution in respiratory activity on administering oxygen to animals which had received 
considerable doses of chloral. In these animals the fall. in blood-pressure had probably 
produced hyperpnea due to want of oxygen, — ee 
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far too coarse to demonstrate the exquisitely delicate normal mode of 
action of the centre. Either the centre has been flooded with CO,, or 
no attention has been paid to the great influence of the dead space of 
tubes, the resistances of valves, etc., or, finally, graphic methods have 
_ been employed which give only qualitative, and not quantitative, records 
of the respiratory ventilation. The well-known experiments of Geppert 
and Zuntz’ on the regulation of respiration belong, however, to another 
category, since they are a model of accurate and well-planned work. 

In the course of their research, many of the results of which are 
beyond question, Geppert and Zuntz investigated both the blood- 
gases and the expired air of animals during alternate periods of rest and 
muscular work. They found that during muscular work the volume of 
CO, liberated by the pump per 100 c.c. of arterial blood is markedly 
diminished, while the oxygen is often slightly increased, and they came 
to the conclusion that the hyperpneea of muscular work is caused neither 
by excess of CO, nor by deficiency of oxygen in the arterial blood or in 
the respiratory centre, but: probably by the presence in the blood of 
organic acids or other substances produced in the muscles. 

Their analyses leave no room for doubt that the CO, percentage was 
usually markedly lower in the arterial bleod during the muscular work, 
and that consequently “alterations in the absolute gaseous contents of 
the blood cannot explain the hyperpnea” which accompanied the work. 
Nevertheless a careful examination of all the facts and reasoning brought 
forward by Geppert and Zuntz appears to us to deprive their argument 
of its apparent force. In the first place the marked diminution of the 
CO,, as they themselves admit, does not prove that the CO, pressure 
in the arterial blood was actually lower: for this diminution was due 
to a diminution of the CO, carrying power of the blood, as is proved by 
the fact that in their experiment No. 14 it was still present during rest 
40 minutes after the work experiment, and also to a less marked extent 
in No, 15, 85 minutes after the work experiment. In a separate experi- 
ment the authors proved that the alkalinity of the blood was diminished 
by as much as 40°, by tetanisation for 10 minutes after the method 
employed in the work experiments. The amount of CO, yielded to the 
pump thus affords no index whatever of the iy pressure of the arterial 
blood. 

Other evidence was, however, brought: te to prove that the 
alveolar CO, pressure, and probably also the arterial CO, pressure, was 


mee Geppert and Zuntz. Phliiger’s Archiv, xult, p. 189. 1888 ; see also Zuntz, Archiv 
f. Anat, u. Physiol. p. 879. 1897. 
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actually higher during the work. Observations were made on the 
effects of breathing air to which CO, had been added ; and it was found 
that a similar effect on the lung-ventilation to that produced by the 
work was not attained until the CO, percentage in the expired air was 
from 1°5 to 2°0°/, higher than during work. This evidence is also 
unsatisfactory. The composition of the average expired air, particularly 
when the CO, percentage in the inspired air is varying, furnishes no 
index of the composition of the alveolar air, unless the volume of the 
dead space, the CO, percentage of the inspired air, and the depth of the - 
_breathing are known, and the necessary corrections made. 

In spite of these criticisms it seems to us probable that the alveolar 
CO, percentage and the arterial CO, pressure were actually somewhat 
lower as a rule during the muscular work than during rest. For in the 
first place the CO, percentage in the average expired air was often a 
little lower during the work, although the breathing was presumably 
deeper. In the second place the arterial oxygen percentage was often 
a little higher during the work. This slight increase in the oxygen 
percentage is easily intelligible if the alveolar air was a little richer in 
oxygen and poorer in CO,, since the experiments of Loewy and Zuntz! 
indicate that blood corpuscles saturated with alveolar air are still 
capable of taking up more oxygen, and Bohr, Hasselbach and Krogh? 
have quite recently shown that CO, has a great influence in diminishing 
the avidity of hemoglobin for oxygen. 

- Even, however, if the CO, pressure was somewhat lower in the 
arterial blood during work in these experiments, the CO, pressure in the 
respiratory centre may well have been higher. In consequence of the 
diminished alkalinity of the blood its CO, carrying capacity was — 
diminished. Consequently, with the same flow of blood through the 
centre the CO, pressure in this blood would rise more rapidly than 
during rest, so that the CO, pressure in the centre itself would rise, just 
as it would do if the blood-flow were diminished in amount*. Geppert 
and Zuntz meet this objection by the remark (p. 244) that the return 
of the breathing to normal just after the tetanus, in spite of the 
diminished alkalinity of the blood still remaining, proves that no such 


1 Loewy and Zuntz. Archiv f. Anat. u. Physiol. p. 166. 1904. , 

? Bohr, Hasselbach and Krogh. Skand. Archiv f. Physiol. xvi. p. 402. 1904. 

* The slight fall in the alveolar CO, pressure which we observed in ourselves after 
ascending Ben Nevis (see above, p. 2381) may well have been due to diminished 
alkalinity of the blood in consequence of the prolonged exertion of the ascent, and a con- 
sequent very slight rise in the CO, pressure of the respiratory centre. 
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rise of CO, pressure can occur to an appreciable extent. This very 
strange remark we are quite unable to understand. The fact that the 
hyperpnea disappears long before the diminished alkalinity of the 
blood does, seems to us very conclusive evidence that the hyperpnea 
is not due to the mere presence in the blood of organic acid substances, 
as suggested by Zuntz', but to something which, like excess of CO,, is 
promptly removed by the hyperpneea. On the theory, which we believe 
to be the correct one, that the hyperpnoa in Geppert and Zuntz’ 
-experiments was due to a rise of CO, pressure, not’in the arterial blood, 
but in the respiratory centre itself in the manner just explained, the 
hyperpnoea would undoubtedly disappear promptly in proportion as the 
arterial CO, pressure fell in consequence of the diminished supply of 
the venous blood containing CO, to the lungs. The diminished 
alkalinity of the blood in these experiments was probably due to the 
fact that the muscular work was produced by tetanising the hind limbs 
after section of the spinal cord. With this method the circulation 
through the active muscles was probably insufficient to keep pace with 
the increased metabolism, so that a state of local asphyxia, en eee 
by the production of much lactic acid, was produced. | 
The abnormal and rapidly varying respiratory quotients seen in the 
protocols of the experiments were doubtless due to this. Zuntz and 
his collaborators have themselves shown’ that such quotients do not 
occur with normal muscular work, and that they are a symptom of local 
muscular asphyxia. Another point in which the results contrast with 
those obtained during normal muscular work in men is, that in the 
human experiments the percentage of CO, in the expired air is almost 
always higher, and the percentage of oxygen correspondingly lower 
than during rest. Thus the average of results obtained in Zuntz’ 
. laboratory by Katzenstein® in experiments on the effect of walking and 
climbing on respiration was as follows. In the four persons experimented 
on the average CO, percentage in the expired air was 458 during 
work, and 3:37 during rest before or afterwards. In no single determi- 
nation out of the 133 recorded observations was the CO, as high during 
rest as during work. The higher CO, during work is mainly due to the 
fact that the depth of breathing is nearly always increased during work, 
but partly also, no doubt, to a slight rise in the alveolar CO, percentage, 
as indicated by our experiments quoted above at page 239. A con- 
1 Archiv f. Anat. u. Physiol. p. 879. 1897. 
2 Loewy. Pfliiger’s Archiv, xurx. p. 405. 1891. 
Katzenstein. Pfliiger’s Archiv, p. 380. 1891. 
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sideration of the analyses of expired air during natural muscular work 
certainly seems to render it very improbable indeed that the hyperpnoa 
of -work is due to anything else but the gaseous alterations in the 
blood; and since deficiency of oxygen certainly does not cause the 
hyperpnea we are led back to the conclusion that excess of CO, is the 

It is evident that the regulation of lung-ventilation in the mode 
_ described: above must, under all ordinary conditions, provide very — 
efficiently for the proper aération of the blood, and particularly for an 
abundant supply of oxygen to the lungs. As the alveolar CO, percentage 
(at the same barometric pressure) remains almost the same, whether 
the respiratory requirements are great or small, the alveolar oxygen 
percentage will.do so likewise ; and will always remain well above the 
point at which any symptom produced by want of oxygen can appear, so 
long as the circulatory regulation has not broken down. Consequently 
there will never, under normal conditions, be any chance of failure of 
power from want of oxygen. Very considerable distress from CO, may, 
it is true, easily occur if muscular work is pushed to the extreme limits 
within which the respiratory ventilation can deal efficiently with the CO, 
. produced. There is no element of danger in this distress, however, 
whereas there would be urgent danger and great failure of mental and 
muscular power if similar distress were produced by want of oxygen. 


SUMMARY OF MAIN CONCLUSIONS. 


1. Normal alveolar air can easily be obtained by the method 
described in the paper. : | 

2. At constant atmospheric pressure the alveolar air of each 
individual contains a practically constant percentage of CO,; but in 
different individuals this percentage differs. 

3. With varying atmospheric pressures the alveolar CO, percentage 
during rest varies in each individual inversely as the atmospheric 
pressure, so that the alveolar CO, pressure is constant, while the oxygen 
pressure varies widely ; but this law no longer holds when the oxygen 
‘ pressure in the air falls below about 13°/, of an atmosphere. 

4, The respiratory centre is exquisitely sensitive to any rise in the 
alveolar CO, pressure ; a rise of 0'2°/, of an atmosphere in the alveolar 
CO, pressure being, for instance, sufficient to double the amount of 
alveolar ventilation during rest. 


5. When the oxygen pressure in the inspired air falls below about 
18—2 
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13°/, of an atmosphere the respiratory centre begins to be excited by 
want of oxygen, and the alveolar CO, pressure begins to fall. 

6. During muscular work the alveolar CO, pressure is raised 

slightly, with a corresponding large increase in the lung-ventilation, 

: 7. The “dead space ” in breathing can be determined in the 
manner described in the paper, and amounts to about 30%/, of the 
volume of the tidal air. 

8. The amount of air breathed per minute snd per unit of body 
weight during rest varies widely in the same individual, and still more 
widely in different individuals. 

9. Apnoea depends upon a fall of the CO, pressure in the 
respiratory centre to below the threshold exciting value, the oxygen 
pressure being at the same time sufficiently high not to excite the 
centre, Air containing sufficient CO, to prevent the alveolar CO, 
pressure from falling below the threshold value will not produce even 
a short apnoea; hence it is unnecessary to assume the existence of a 
true vagus apnwa—at ~~ rate in the case of man under normal 
conditions, 

10. The evidence furnished by our experiments, taken in conjunc- 
tion with facts ascertained by previous observers, points to the general 
conclusion that the regulation of the rate of alveolar ventilation in 
breathing depends, under normal conditions, exclusively on the CO, 
pressure in the respiratory centre. 


In conclusion we wish to express our indebtedness to Miss M. P. 
Fitz Gerald and to Dr J. Seemann, of Marburg, for help in carrying out 
some of the experiments, and to numerous friends who kindly acted as 
subjects of observation. Part of the expense of apparatus was defrayed 
from a grant for the purpose by the Royal Society. 
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THE SEPARATION OF PROTEIDS. By H. 0. HASLAM, 
3 formerly John Lucas Walker Student. 


_ (From the Pathological Laboratory, Cambridge.) 


_ Introduction. It is a fundamental principle of practical chemistry — 
that in the separation of one substance from others such separation 
cannot be regarded as complete unless definite proof be afforded. This 
principle, however, has been much neglected in the separation of aid 
teids*. 
| Hammarsten® in his work on “ Paraglobulin” was fully alive to 
the importance of this principle, and discusses the evidence for the 
purity of his preparation at considerable length: his experiments, how- 
ever, were not sufficiently exhaustive for him-to realise all the difficulties 
of the situation, and his method of estimation of globulin is not nearly 
as accurate as he supposes. He offers no evidence that all the globulin 
present is precipitated, or failing all, what proportion. 

Ktihne? in his well-known researches on digestion offers 
any evidence that the various albumoses which he discovers are either 
separated completely from each other or from other substances, Nor 
has this defect in Kiihne’s work been remedied in the subsequent 
investigations of Neumeister or Chittenden. © 

More recently one of the chief methods of separating proteids, more 
especially. the proteids of serum and the albumoses, has been the 
fractional method. E. P. Pick‘ is perhaps the investigator chiefly 
identified with this method. But he does not produce anything like 
sufficient evidence that the various proteids he obtains are either sepa- 
rated from each other or from other substances. He never undertakes 
the demonstration of the purity of his preparations. Thus in his 


1 This does not apply to the method of crystallisation of proteids as used by Hopkins 
and others, 

* Hammarsten, Pfliiger’s Arch. xvm. 1878. 

* Kiihne, Zeitsch. fir Biol. xx. p. 11. 1884. 

* Pick, Zeitsch. f. — Chem. xx1v. P. 246. 1898. Beit. zur chem. Physiol. u. Path, 
1, p. 851, +903. 
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research! on the primary albumoses, wherein he seeks to compare the 
constitutions of these bodies, although he prepares both bodies with 
the greatest care and takes numerous precautions against impurity, — 
yet he does not actually demonstrate that his hetero-albumose is free 
from all traces of other albumoses, especially proto-albumose, nor that 
his proto-albumose is free from all but negligible quantities of other 
substances, especially hetero-albumose. And yet _— this demonstra- 
tion his results cannot be accepted. 

Nor can it be said that the generality of other investigators using — 
this method recognise this necessity of demonstration of purity. Freund 
and Jéachim’, for example, though careful to test their filtrates and 
thence to ensure that any particular fraction is largely at any rate free 
from substances of the succeeding fractions, yet make no attempt to 
test for substances of preceding fractions, which is, of course, equally 
necessary. As these authors point out, one of their globulins (the most 
insoluble sort) which clearly belongs to fraction II is precipitated 
continually i in fraction III, even after the fractionation has been repeated 
four times in dilute solutions. I give this instance to show the great 
difficulty of the subject. Indeed it is by no means easy to obtain 
demonstration of the purity of these preparations. There are no simple 
reactions, for example, for determining traces of one albumose in presence 
of large excess of another. And as authors have not realised the 
necessity of complete demonstration, no general methods have been 
devised, Yet the greater the difficulty of separation the more con- 
clusive must be the evidence: that it is complete. 

I propose the two following methods for testing purity, spinlinable 
to the processes of fractionation and salting out. 

1. Where it is sought to prove that the proteid precipitate is freed 
from the substances of the filtrate. 7 

The precipitate -is dissolved in water and the whole made to given 
volume; the requisite amount of salt (or alcohol) is added; the. 
mixture is allowed to stand 24 hours and is then filtered. If the 
filtrate can be shown to contain no proteid nor any other substance 
which is being got. rid of the requisite proof is furnished. If not, the 
amount of organic nitrogen is estimated by Kjeldahl’s method. The 
precipitate is then redissolved and again made to the same volume, 
again precipitated in the same way, allowed to stand 24 hours, and then 
filtered, The organic nitrogen in the filtrate is again estimated. ' If 


_ + Pick, Zeitsch. f. physiol. Chem, XXVIII, p. 219. 1899. 
* Freund und Joachim, Zeitsch. f. physiol. Chem. xxxvt. p. 407, 1902, 
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the amount of nitrogen in the second filtrate is the same as that in the 
first, it is clear that it is due to small amounts of the precipitate soluble 
in that particular medium, and that the precipitate is therefore free 
from all nitrogenous matter of the filtrate, and therefore, as far as this 
particular separation is concerned, pure. If on the other hand the 
amount of nitrogen in the first filtrate is greater than that in the 
second it is clear that there is still nitrogenous impurity to be got rid of, 
and further precipitations are needed. 

2. Where the substance it is sought to purify is in the filtrate and 
the proteids that are being got rid of are of the precipitate, eg. serum 
albumin to be freed from and tested for globulin. 

This is by no means so simple as would at first sight appear. In 
the first place there has to be taken into account the solubility of 
globulin in the half-saturated solution. (Let us suppose ammonium 
sulphate is being used.) But this solubility, whatever it may be, is 
very largely increased by the presence of serum albumin and the other 
constituents of serum; so that in the filtrate containing the albumin 
there is a notable quantity of globulin. This is also the case with 
albumoses and peptones, and has been noted by Kiihne and other 
investigators. It may be simply demonstrated as follows: the globulins — 
are precipitated from serum by addition of an equal volume of 
saturated ammonium sulphate ; to the clear filtrate saturated ammo- 
nium sulphate solution is added until a small precipitate appears; this 
is filtered off and redissolved in water; if now to this solution an 
equal volume of saturated salt solution is added a precipitate will 
appear. Thus the presence of globulin in the original filtrate is 
demonstrated. 

Now as I shall show later on this globulin can be meee by a 
system of fractional precipitation. Let us suppose this process to have 
been applied to our albumin solution, and that a small fraction obtained 
in the way above described gives no precipitate on the addition to its 
_ solution of an equal volume of the saturated salt solution. This does not 
necessarily prove that there is no globulin in the fraction. A further 
quantity of the salt solution is added till a small precipitate appears, 
that is, a sub-fraction, or fraction of a fraction is taken; and this sub- 
fraction may show evidence of globulin, that is to say, a precipitate may 
be formed by the addition to its solution of an equal volume of 
saturated salt solution. This process of taking fractions and sub- 
fractions can be continued as long as there is enough substance. 
It is obvious that if pushed far enough it is an extremely delicate 
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test. It is based on the principle that on the addition of the precipitant 
the more easily precipitable bodies must always tend to come down 
before the more soluble. 

By means of the first test, then, we can tell whether any given 
proteid preparation contains as impurity some more soluble substance ; 
by means of the second test whether it contains any of the substances 
less soluble than itself. A preparation of proto-albumose, to take an 
example, can thus be tested fof Ty presence of secondary and hetero- 
albumose. 

I will now proceed to apply fees methods to the study of the 
proteids of the ag mixture. 


Section I. OF ALBUMOSES FROM PEPTONES AND 
OTHER MORE SOLUBLE BODIES. 


_ Since the salt was first used in Ktihne’s laboratory saturation with 
ammonium sulphate has been generally considered the best means of 
separating albumoses from peptones. In fact, albumoses are defined as 
those biuret-giving substances which can be separated out of a digestive 
mixture by means of complete saturation with ammonium sulphate. It 
is now known that other salts possess very similar properties; but 
ammonium sulphate having come to be regarded as a standard in this 
respect I determined on its use. Since, however, the nitrogen of small 
amounts of organic matter had to be determined in the presence of 
large excess of this salt, a sufficiently exact method of doing this had 
first to be devised. | 

1, To estimate the organic. nitrogen in the presence of a not large 
excess of ammonium sulphate. This is the case of a precipitate of 
-albumose mixed with the salt. There are already several ways of doing 
this. There are the indirect methods: the total nitrogen is estimated 
and- then the amount of ammonia or sulphate; the organic nitrogen 
being found by deduction. These are open to the grave objection that 
as the amount of salt becomes larger the error also increases, and the 
nitrogen of the salt may be 5—6 times as great as that in the albumose. 
There is also the direct method of Stutzer and employed by Bémer, in 
_ which the ammonia is got rid of by warming with barium carbonate 
and the barium sulphate got rid of by filtration. This, however, gives an 
error, since the barium sulphate always retains a certain amount of 
organic matter which cannot be separated from it. I found by 
experiment, however, that if magnesia be used instead of barium 


wes) 
17% 
res : 
J 
rhe > 
a 
Ant 
a 
4g 
4. 
At 
a 
4 
“an 
By 


SEPARATION OF .PROTEIDS. | 271 


carbonate this loss is avoided and at the same time the process is 
simplified and shortened. The ammonia in fact may be got rid of 
‘without introducing any error at all. The procedure is as follows. The 
liquid to be estimated is placed in a small dish on a water-bath. 
Magnesia is added gradually to small excess, which is. easily seen. 
Evaporation is continued until no more ammonia is given off as tested 
by Kossel’s method. It, is best to continue evaporating a quarter of an 
hour after this, since it is not easy to get rid of the last traces. The 
whole is then transferred to a Kjeldahl flask and the total nitrogen 
estimated in the usual way, the magnesium sulphate formed not 
interfering. 

To test accuracy of this method I have performed the — 
experiment. 


was in water and made up to s definite volume. Two quan- 


Average 20-00. 


Average 20-05. 


Thus it is seen that this process scarcely adds to the error of the 
Kjeldahl. 

2. %o estimate emall quantities of organic nitrogen in presence of 
large eacess of ammonium sulphate. 

This is the case where in the filtrate of saturated salt onlation small — 
quantities of organic nitrogen have to be estimated. There are no 
methods in use dealing with this case. I have devised the following 
method, which gives an error not exceeding 5°/,. 

The volume of the filtrate having been estimated, it is placed in a dish 
on a water-bath. Potassium bicarbonate is then added, one gram for 
every cubic centimetre of liquid (this gives the amount required to 
produce a small excess). The ammonia is then evaporated off; the 
evaporation being continued half-an-hour after testing shows no more 
ammonia to be present. The results of this method are surprisingly 
accurate, I quote some preliminary experiments. 


I. An amount of albumose solution shown by Kjeldahl to contain 5-25 mg. nitrogen 
was mixed with 20 c.c. saturated ammonium sulphate solution. 20 grains of potassium 
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‘bicarbonate were added and the ammonia evaporated off as described. epee ene 
6°04 mg. nitrogen. Error 4°/,. 

II, Albumose solution scukiiad 10°8 mg. N. Estimation after addition of 20 0.0, 
‘saturated ammonium sulphate solution gave'10-15 mg. N. Error 3-5 °/,. 

of another albumose:solution gave 5°81 mg. N. 

Ill. 10 ¢.c.+7°5 o.c. saturated salt solution gave 6°60 mg. N. Error 3°6 °%,. 

» 88mg. N. Error 1-4%,. 

Vv. Wee.+ 12.0. «5°68 mg. N. Error 


Having thus got sufficiently accurate methods for the estimation 
of the organic nitrogen in presence of ammonium sulphate, I proceeded 
to the separation of albumoses from peptones and other constituents of 
the digestive’ mixture. As a convenient material I used Witte’s 
peptone, from which a larger. part of the primary albumoses had been 
separated. 


In a solution of about 10°), strength the albumoses were precipitated by complete 
saturation with the powdered salt. This process was repeated four times. Thesalt in the 
precipitate was then got rid of by dialysis, the albumose solution evaporated to small bulk 
and thrown into large excess of aleohol. It was washed with alcohol and ether and dried. 
A small quantity was then taken and dissolved in 100 c.c. of water in a measuring flask. 
Total organic nitrogen was then estimated in three portions, each of 5 c.c. 

(1) 22°26 mg. N. (2) 22°05. (8) 22°19.- Average 22-16 mg. N. | 

40 ¢.c. containing 177°18 mg. N or about 1-1 g. of albumose were then taken and 
evaporated to 11 ¢.c. so that the strength of the solution was 10°/, (I selected this strength 
of solution beeause most authors on albumoses recommend it), The solution was 
completely saturated with the powdered salt and allowed to stand 24 hours, after which 
excess of salt was noted proving complete saturation. The precipitate was filtered off and 
washed with a very small quantity of saturated solution and the organic N was estimated 
in the filtrate and washings. Before a constant amount of nitrogen was found in the filtrate 
this process had to be repeated several times. Each experiment was.always. repeated in 
precisely the same way, the precipitate being slways redissolved in the amount of water to 
make a 10°/, solution, | 

Great care must be used to avoid all loss of substance during these operations. In fil- 
tering, the sticky albumose is retained as far as possible in the beaker, only a small amount 
passing on to the filter-paper. After the filtration the paper is removed from the filter and 
placed in a small dish in which it is soaked in water which dissolves the precipitate. 
This solution is then poured into the beaker containing the bulk of the precipitate and 
the paper is again further treated with a small quantity of water. After this process has 
been repeated three or four times all matter is removed from the paper and all the albumose 
without any loss whatever is in the beaker. The albumose in the beaker will gradually 
‘dissolve and the process may be hastened by warming to 87°C. When it is dissolved the 
‘volume of She olution ts ‘made to the requisite amount, for which purpose it is best that 
the beaker itself should be graduated. 

In salting out great care must be taken that the solution be fully saturated: on the 
other hand only a very small excess of salt must be present since if there is a large excess 
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I. Nitrogen in original mixture 177-18, 


percentage 
N in Calculated im 
14 4°55 3°29 mg.N 5°92mg.N 64 
2 11% 8°15 1-89 4°03 
8 12°5 3-08 1°82 2°21 54 
4 115 217 0-91 1:30 59° 
5 12 20 0°74 0°56 48 
6 12 1°54 0-28 0°28 hoe 
7 13 1°54 0:28 
9 1/26 
10 18 1°33 
1 ‘12 1°26 
12 12, 1-26 
Totals 24-98 9-21 


Amount of albumose found at end of Exp. 153°93 mg.N. 
* No. 8 is an obviously faulty observation. 


The final precipitate was dissolved in water and the organic nitrogen 
estimated by Kjeldahl’s method, the ammonia being got rid of by 
the magnesia method. The mean of three observations showed the 
amount to be 15393 mg. N. The amount in the original impure 
albumose was 177°13 mg.: therefore the amount of N contained in the 
-wnited filtrates should be 23'°20 mg. Thus the total N in the filtrates 
estimated directly being 24°98 (see table) is 1°78 mg. N too high. If, 
however, we consider that the obviously faulty observation No. 8 should 
be 1:26 mg. then the total is only 1°2 mg. too high, which is an error of 
5%/). Itmay be noted that the tendency is to make too high estimations. 
This is no doubt due to there being small amounts of ammonia left over 
-in the liquid before the Kjeldahl is performed. This is why I give the 
direction to continue to evaporate half-an-hour after the test shows 
no more ammonia. 

This method of estimating the organic N is quite accurate enough 
for the purpose, since, as is seen in the above table, 0°3 mg. N impurity 
was easily detected, which is only 0°2°/, of the albumoses concerned. 

In this series of experiments it is clearly demonstrated that in 
repeated precipitations at constant volume the amount of nitrogen in 
the filtrate becomes after a time constant. This shows that all 
nitrogenous impurities are got rid of, the only matter in the last filtrates 
being albumose. = separation is thus proved to be complete since it 
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can be safely assumed that the anuiaben eae, constituents, if any exist, 
“are separated as well. 

Besides this main result there are various other points of importance 
in regard to the salting out process which are for the first time shown 
with some degree of exactitude. It is seen that working with Witte’s 
peptone in a 10°/, solution it was necessary to salt out no less than 
twelve times (five times before the quantitative experiments were 
commenced it will be remembered) before the separation was complete. 
This is far in excess, so far as I am aware, of any procedure recom- 
mended by any investigator. It plainly shows the absolute necessity of 
testing the purity of preparations, if indeed further proof is needed. 

In the fourth column the figures denote the amount of nitrogen in 
the impurities. These are arrived at on the assumption that in each 
filtrate 1:26 mg. N are from albumose, while the rest is from the im- 
purities. (It will be seen later that this assumption is not quite 
correct : it is correct enough for my present purpose however.) In the 
fifth column are the figures. which denote the nitrogen of the impurity re- 
tained in the precipitate, while in the sixth is the percentage which 
this bears to the whole impurity present before that precipitation. 

From these it is seen that in any precipitation the amount of 
impurity retained in the precipitate is generally actually greater than 
that left in the filtrate. Only in one case is less than 50°/, retained. 
The “carrying down” property of albumose which is the cause of all 
the difficulty in this separation is thus shown in a most striking way. 
It is clearly a property that must be constantly remembered when 
 essaying these and similar separations. 

- Perhaps I may here remark on the inutility of washing albumose 
precipitates. This is very generally recognised now, most authors 
relying on repeated precipitations for purifying; but one occasionally 
sees the direction wash till the wash water no longer contains impurity. 
If an albnmose precipitate containing impurity be washed, after a few 
repetitions the wash water will be found to contain only very small 
traces of organic matter. If, however, the precipitate be then redis- 
solved and again salted out, the filtrate will be found to contain large 
amounts of impurity. This may be readily explained, I think, partly 
by the physical nature of the albumose precipitate, which is often in 
sticky masses sometimes quite large, of which only the outsides could 
be affected by the washing, and partly by the singular tenacity with 
which as we have seen ere retain the other substances of the 
digestive mixture, 
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It is obvious that ammonium sulphate is a most inconvenient salt 
for testing the purity of albumose preparations in the manner I suggest. 
The getting rid of the ammonia nearly doubles the time that would 
otherwise be required. I therefore sought to replace this salt by 


another not containing nitrogen. I selected sodium — as Mood 
by Pinkus’. 


other nitrogenous bodies by means of repeated salting out (14 times) with ammonium > 
sulphate and tested the purity of the preparation in the manner described. Finding the 
N value in two successive filtrates under the same conditions of volume constant, I got. 
rid of the bulk of the salt by dialysis and the last small amounts by careful addition of 
baryta, filtering and evaporating. It was then dried by alcohol as usual. About 4 grams 
were taken and dissolved in water, the solution made to 80 .c. and the nitrogen 
estimated by means of two Kjeldahls. Three quantities, each of 15 c,c. and each con- 
taining 173°74 mg. N, were then taken. The first was evaporated to 11 c.c. so as to be of 
10°/, strength and saturated with ammonium sulphate, allowed to stand 24 hours, the 
precipitate filtered off, the volume of the filtrate estimated and also the amount of 
organic N. The other two quantities were treated in a similar way except that sodium 
sulphate was the salt used and the operations were all conducted at a temperature of 
87°C, as is necessary in using this salt for proteid precipitations. Instead of being 
allowed to stand 24 hours they remained in the incubator 34 and 44 hours respectively. 
(If allowed to stand 24 hours too much evaporation takes place: I found that 3—4 hours 


sulphate.) 
I give the results in the following table. 

Amount of Vol. of N in 
(NH,),80, 1738°74 11 13 1°61 12°5 
Na,S8O, 11 10 1°26 126 
Na,80,  178°74 12 12 1°47 12°25 


From this it is clear that sodium sulphate at 37°C. has the same 
salting out capacity as ammonium sulphate. In the last column is 
shown the percentage of nitrogen in the filtrates of saturated salt 
solutions, and in the case of the two salts it is practically identical. 

Since in sodium sulphate I had found the salt required I did not 
investigate the action of any others. But it may be remarked that 
with these quantitative methods we are in possession of means to 
accurately test the salting out capacity of different substances. 

In using Na,SO, I found it best to adopt Pinkus’ recommendation 
of carrying out all the operations (with the exception of the actual 
salting out which is done in a water-bath) in the incubator. Working 
on a small scale this scarcely presents any inconvenience. The salt 
has another advantage in that it is much easier to get rid of, especially 


1 Pinkus, This Journal, xxvu. p. 57. 1901. 
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in saturated solutions, than (NH,),SO,. By crystallisation a saturated 
solution can easily be freed from all but a small quantity. Estimations 
of nitrogen by Kjeldahl’s method can easily be carried out on quanti- 
ties of saturated salt solution up to about 50c.c. No K,SO, should be 
added but rather more H,SO, than usual : for the distillation also more 
water than usual should be added. 

By means of this salt I again proceeded to the quantitative study of 
the separation of mixed albumoses from the digestive mixture. Instead 
of Witte’s peptone I used a mixture obtained by the peptic digestion 
of commercial casein. My main object was again to demonstrate the 
' possibility of completing the separation and of proving it complete. 
But I also desired to shed further light on the salting out process itself, 
which though much used has been very little studied. 


Some casein was digested with pepsin and HCl for 24 hours, when the mixture gave a 
strong biuret reaction. The clear liquid was poured off from the remaining insoluble 
casein, was neutralised, boiled and filtered. The liquid was then evaporated to smaller 
bulk, poured into a measuring flask and made up to 500.c.c. The total nitrogen was then 
estimated in four portions each of 5¢.c. The mean of these was 24-08 mg. N. 60c.c. 
containing, therefore, 288°96 mg. N was evaporated to 40 c.c. and placed in a graduated 
beaker. The liquid was then placed in a water-bath at 40°C. and carefully saturated 
with dry powdered Na,8O,. The whole was allowed to stand in incubator at 87°C. for 
three hours. It was then filtered and the precipitate twice washed in order to collect 
portions of the filtrate remaining in the beaker and filter-paper. The total N was then — 
estimated in the filtrate. The precipitate was dissolved, again salted out and after 
standing filtered off. On this occasion and subsequently the precipitate was not washed. 
I have already pointed out that simple washing only serves to get rid of that portion of 
filtrate taken up in the filter-paper : it has no effect on the impurity intimately connected 
with the albumose, as may be shown by direct experiment. On this occasion therefore I 
rubbed the precipitate in a saturated salt solution. This rubbing is carried out best as 
follows. The previous filtration is so arranged that nearly all the precipitate remains in 
the beaker. (This is quite easy with Na,SO, precipitation.) A quantity of saturated 
solution is then put in the beaker and the latter is placed in a water-bath at a temperature 
of 45°—50°C. At this temperature the albumose becomes quite soft and is easily rubbed 
so that all parts of it come in contact with the liquid. Care must be taken that there is 
always small excess of salt to ensure complete saturation. (Subsequently | showed by 
direct experiment that albumoses suffered no decomposition by being heated to 60°C. | 
with saturated Na,SO,.) The rubbing is. continued some 15—20 minutes. The salt 
solution is then poured on to the filter-paper, practically the whole of the precipitate 
remaining in the beaker as before. The rubbing may then be repeated, the wash water 
again being poured into the filter. In the case of experiments 2, 3, and 6 the nitrogen 
in these washings was estimated in order to see the exact effect of the process, in the 
case of exp. 6 two rubbings being undertaken. The precipitate adherent to the filter- 
paper is dissolved off in the manner before described, added to that in the beaker 
which is also dissolved, the whole made to given volume and again saturated with salt. 
Before the nitrogen in the filtrates became constant, showing complete separation, the 


albumoses were oo ee 14 times. The results 
are shown in the table. 
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Tastx II. Amount of N in mizture operated on 288-96 mg. | 
Calculated 


Calculated percentage 
Vol. of N in Ninwash Calculated ore 
lst 46 c.c. 42°25 89°45mg.N 35°04mg.N 48 
2nd: 45 14 19°77 3°57 17°08 18°01. 61 
8rd 88 il 9°25 1°61 6°94 04 47 
4th 40 9 6°93 
5th 89 15 «88 
6th 40 3°29 
41 28 
24 1°05 
7th 40 2°45 
8th 40 2°59 N value constant. 
9th 40 2°45 | 
368 114 103-89 


482 c.c. Total in filtrates and washings. 


Albumose found at end of experiment 178-46 mg. N 
Total N in filtrates and washings 103°89 mg. N 
Total N found als 282°35 


Loss of substance in experiment 6°61mg.N = 

It is again clearly demonstrated that in repeated precipitations at 
constant volume the amount of nitrogen in the filtrate becomes after a 
time constant, proving the separation to be complete. 

In the case of the first three precipitations I have again calculated 
the amounts of impurity in filtrate and precipitate. It is seen that 
about half the impurity present is retained in the precipitate at each 
precipitation. Asin the previous series the calculations are based on 
the assumption that the amount of albumose in the filtrates is the same 
as it would be were no impurities present. This is not in reality the 
case, as there is more albumose left over in the filtrate when impurities 
are present than when there are none, I have already noticed this 
property of albumoses and other proteids, and it will be shown more 
clearly later on. If, however, we allow for this it would make the 
pereentage of impurity retained in the precipitate even greater than 
shown in the table. 

If the amount of albumose calculated to be in the total filtrates be 
added to the amount found at the end of the experiment, a total is 
arrived at which represents with some degree of accuracy the amount 
of albumose in the origipal digestive mixture. In this experiment 
counting albumose as containing 17°/, N it would be about 1°22 grams. 
Thus the strength of the solution would be about 3°/,. In. the previous 
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series it was about 10°/,.. On comparing the two tables it will be seen 
that this difference in the strength of the solutions only makes a small 
- difference in the “carrying down” property of the. precipitates. Still, 
the proportion of the impurity retained in the precipitate is distinctly 
less in the more dilute solution, so that for salting out dilute solutions 
are to be preferred. It is also to be noted that in this experiment it 
was only requisite to salt out 6 as against 12 times in the preceding, 
so that working with a dilute solution together with washing by rubbing 
the precipitates diminishes the need for salting out so many times. 
‘The difficulty of effecting a complete separation in this instance is 
well illustrated by noting that 362 c.c. of saturated solution were required 
in preparing about 1 grm. of albumose. | 

Sensitiveness of the test. Since a higher proportion of impurity is 
retained in the precipitate on salting out in the more concentrated 
solutions, it is clear that the more dilute the solution the greater will 
be the difference in the amount of nitrogen in two successive filtrates. 
Consequently the test of purity will be more sensitive if dilute solutions 
are employed. 

In Table I it is seen that filtrates 6 and 7 have the same N value, 
although the albumose is not freed from impurity, and between filtrates 
2 and 3 there is only a small difference. In this case I set all doubt at 
rest by continuing precipitation until constant N value was found in four 
successive filtrates. If however dilute solutions are used there is never 
need on a constant N value being obtained in two successive filtrates 
to further continue the precipitations. . 


Subsequent experience with this test has shown that it is best per- 


formed at a dilution 1—2°/,. Reference to Table III clearly shows this. 
Two successive precipitations in solution of about 14°/, quite clearly 
show the last amount of impurity present; the first filtrate giving 1°54 
mg. N, the second 1°05 mg. N, a well-marked difference considering the 
smallness of the amount of impurity 0°5 °/,. 

A rough test. It will have been noted that the test. for completion 
of separation that I propose takes some time to carry out. Using 
sodium sulphate two successive precipitations with N estimations 
cannot be done under two days. The investigator, therefore, will not 
desire to put the test in operation until he has a reasonable certainty 
that the separation is complete. To meet this I have devised a rough 
test by means of which the progress of the separation may be followed 
without having recourse to actual estimations of nitrogen. 


To 2—3 ce. of the filtrate an equal volume of concentrated saipharic 3 
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acid is added and the whole heated to boiling point. This causes a 
brown or yellow colour to appear, which varies in intensity according to 
the amount of organic material present. Ifa series of filtrates be exa- 
mined in this way it will be found that a gradation of tints is observable, 
the earlier ones being deeply coloured, while the later are only slightly 
tinted. The test can be used with solutions of ammonium or sodium 
sulphate of any concentration : it is especially useful in dealing with the 
former salt, since the biuret is not then practical. It is very useful 
when employed as follows. Two successive precipitations at constant 
volumes are performed, the filtrates are tested in this way, and if any 
difference is observed there is no need to proceed with the estimation of 
nitrogen. 
_ Working with dilute solutions as explained above (1—2°/,) and 
taking care that the conditions of testing are alike in each case a fair 
accuracy can be attained: such an amount of impurity as is shown in the 
experiment of Table III, that is about 0°5°/,, being capable of detection. 
It is thus able to replace the actual N estimations ee of course, the 
final ones. 

Washing by rubbing. In order to test this method more “closely I 
sought to separate out the mixed albamoses from the digestive mixture 
almost — by its means. 


then saturated with Na,SO,. The precipitate was then rubbed with successive portions _ 
of saturated solution. These rubbings were conducted at a temperature of 50°—55°C. ; 
rather higher than before since the albumose is softer at this temperature. Each rubbing 
was continued about twenty minutes and the wash water then poured away, the small 
amount of albumose it contained being neglected. 

The precipitate was washed in this way nine times; it was then redissolved, again 
salted out and again washed once. The progress of this separation was followed throughout 
by means of the sulphuric acid test above described. A small portion of the albumose was 
then tested. About 0°75 grams were dissolved in 52 c.c. water and salted out and the 
process continued as before. 


Tasie IIT. 
Vol. of filtrate N in filtrate 
1 48¢.c, - 1°54 mg. 
2 55 1°05 
8 54 0°98 


Comparison of the N values of the first two filtrates shows that impurity was still 
present, In order to see what amount of impurity was present I salted out a third time 
and the N value being practically the same as in No. 2 and also very small, I concluded 
that nearly all the impurity present was got rid of in the first precipitation; the amount 
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being about 0°5°/, of the albumose tested. The main portion of the albumose was then 
rubbed three times more to get rid of this last amount of impurity and again tested. 
About 0°75 gm. taken and dissolved in 50 ¢.c. 
Ist filtrate vol. 48 ¢.c. N value 0°98 mg. 
2nd 4, -526¢.0, N value 0°98 mg. 


Allowing for the difference in volume of the filtrates the N value is 
sufficiently constant to show the separation to be complete. 

It may be here noted that when this test is employed in dilute solutions such as the 
above (which was about 0°5°/,) the N of the second filtrate is expected to be rather 
less than that of the first, since an appreciable proportion of the albumose is lost in the 
- first filtrate and there is less substance to be precipitated a second time, and so less in the 

filtrate. This will be noted in most subsequent experiments in dilute solutions. — : 


In all, the albumoses were salted out twice and washed by rubbing 
13 times. It is clear, therefore, that the latter process is very effective ; 
‘it is also more rapid than repeatedly dissolving and reprecipitating. 

In rubbing also less albumose passes into solution in the wash water 
than would be dissolved were it —— from the same volume of 
water by salting out. 


Some mixed albumoses from casein were dissolved in 42 ¢.c. of water and salted out 
with Na,SO,, and allowed to stand 4 hours. The precipitate was filtered off and then 
well rubbed for fifteen minutes at a temperature of 45°C. ee 


| 
N in mg. N 
Filtrate from precipitation 40 c.c. 2°24 mg. “6% 
Wash water 18 0°63 3°5 


A second comparative experiment was performed in the same way except that the albu- 
mose was rubbed in'a saturated solution at 60° C. (when it was very soft) on and off for 
2 hours. | 


of solution 

Vol. N in mg. N 
Filtrate from precipitation , 36°5 c.c. 1°47 mg.. 40 
Wash water 40 1°05 2°5 


The percentages of strengths of the solutions have, curiously, the 
same ratio to each other as in the preceding ease; the sample of albu- 
mose is less soluble however. 

From the second experiment it is seen that long-continued rubbing 
at higher temperature does not cause any more albumose to)go into 
solution than when rubbed a shorter time at lower temperature; this 
proves that in both cases the wash water was saturated with albumose 
(saturated, that is to say, in the conditions prevailing), and that much 
Jess albumose is capable of going into solution by being rubbed in the 
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- galé. sblution than is left in solution after a salting out. The experiment 
also shows that albumoses may be heated to 60° C. with saturated 
Na,SO, solution without decomposition. 

Effect of precipitating in dilute solutions. We have seen already 
that in dilute solutions the carrying down property of albumoses is less 
marked and that therefore it is best to salt out in 1—2°/, solutions. Now 
the filtrates from solutions of varying strength do not all contain the 
same proportion ‘of albumose. The concentration of the albumose in 
the filtrate varies with that in the original solution; the filtrate from 
the more dilute solution containing a smaller proportion of albumose 
than that from the more concentrated solution. So that in diluting 
a given solution of albumose to twice its volume and then precipi- 
tating, the albumose left in the filtrate is not twice as abe as it would 
have been if precipitated undiluted. 

I give the following experiment on 1 gram of albumose salted out 
with ammonium sulphate. | 


in filtrate 
1 10 %, mg. 0°0675 gms. 


This can be shown in a more simple and striking way by kine 
a greater difference in the dilutions, say 10°/, and 1°/,, when a marked 
- difference in the two filtrates can be shown by the sulphuric acid test. 
In exceedingly dilute solutions also (0°01 °/,) while a precipitate may be 
shown the amount left in solution may be hardly enough to detect. 

Solubility of albumose. The above experiments and those in the 
preceding paragraph raise some interesting questions regarding the 
solubility of albumose in saturated salt solutions and the nature of the 
salting out process. No exact work has yet been done on this subject 
so far as I know. It would appear that albumose has no definite solu- 
bility in saturated salt solutions comparable to the solubility of a salt in 
water ; but that saturated salt solutions will take up different quantities 
of ly in different conditions. The more dilute the solution that 
. is salted out the lower the concentration of the albumose left in the 
filtrate. It must be remembered, of course, that we are here dealing 
with a mixture of albumoses: but that does not explain the peculiarities 
noted, 
_ Summary. In this section we have seen that the first test of purity 
proposed can be, successfully applied to the separation of total albumoses 
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from the digestive mixture, and that by observing the proper se orgemnee 


it is an extremely sensitive test. 

We have also seen that the “ carrying down” property of ibsimanss, 
hitherto under-estimated, is less in dilute than in more concentrated 
solutions, and that the quickest way of getting rid of impurities is to rub 
the albumose in the saturated solution at a temperature (45°—55° C.), at 
which it is quite soft, ordinary washing being ineffectual. We have 
further seen that ammonium sulphate can be replaced by sodium 
sulphate at 37°C., the two salts having almost exactly equivalent 
precipitating powers: that the nitrogen of small amounts of organic 
matter can be estimated in the saturated solutions of either of these 
salts: and that the more accurate quantitative method can: be largely 
replaced by a simple colorimetric test. : 


Section II. EstTimaTION OF ALBUMOSES. 


It will have been noted that in the experiments shown in Tables 
I and II I have been able to make an estimation of the amount of 
albumose present in the mixtures dealt with. On that basis I have 
endeavoured to found a method for the estimation of the total albumoses 
in the digestive mixture. There are several methods already in exist- 
ence. These, however, are dependent on a single precipitation of the 
albumoses, followed by simple washing, so that from what has gone 
before it is evident that they must be liable to enormous errors, and 
I do not propose to discuss them further’. 

A consideration of the experiments set forth in Tables I and II 
shows that the bulk of albumose is obtained free from impurity at the 
end of the experiment and can be estimated directly by Kjeldahl’s 
method ; while the very experiment that proves the purity of the 
albumose gives the indication of how much albumose has been lost in 
the filtrates. The last two filtrates containing nothing but albumose 
give the solubility, and from this the albumose in the other filtrates 
is determined. It is not necessary, of course, to estimate the N of 
the filtrates except in the last two, the sulphuric acid test being 
used as an indicator of the progress of the separation. 

In order to test the accuracy of this method I mixed known 


? An account of these methods will be found in a paper by Baumann and Bémer in 
Zeitsch. f. Untersuchung. d. Nahrung und Genussmitel. 1. p. 107. 1898. 
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quantities of albumose with varying quantities of other nijrogenous 
substances, 


The first experiment was performed with mixed albumoses from Witte’s peptone 
(previously, of course, proved to be freed from impurity) and some products obtained by the 
decomposition of Witte’s peptone by boiling with sulphuric acid till the biuret reaction had 
entirely disappeared. The sulphuric acid was got rid of by baryta, and the little ammonia 
formed was evaporated off. The mixture so obtained gave no biuret reaction and no trace 
of precipitate on being saturated with ammonium sulphate. It was therefore free from 
albumose (and also peptones). A portion of a solution of albumose was taken of which 
the N was carefully estimated by Kjeldahl’s method, three estimations being carried out. 
This was mixed with a quantity of the mixture described in which there were 532°0 mg. N 


ata rough estimate. The whole was then saturated with Na,SO, at a volume of 80 c.c. 


The further course of this experiment is seen in the following table. I estimated the N in 
the earlier filtrates not because it was necessary for the main object of the experiment but 
for the purpose of studying the course of the separation. 


TaBLe IV. 


N in filtrate 

Precipitation Vol. of filtrate in mg. 

1 24 c.c 

2 27 65°8 

3 29 11°06 

4 26 2°94 

5 26 161 

27. 1°68 


Totals 159 


Amount of albumose in) Albumose found (mean) 
mixture (mean of 3} =215°6 mg. N of 8 determinations) } ~ mg. 


determinations) Albumose estimated 98 
filtrates 
Estimated albumose 208-6 mg. N 
Error 3°5 °/, 


Thus the estimate is 7 mg. N less than the true value. Now the 
error in the determinations by Kjeldahl’s method, both of the albumose 
put in the mixture and that found at the end, could scarcely be more 
than $°/,. Therefore the greater part of the error (which is over 3°/,) 
must be in the estimation of the albumose remaining in the filtrates. 
This was estimated on the supposition that the filtrates 1 to 4 contained 
the same percentage of albumose as the last two filtrates, which contain 
nothing but albumose. This estimate gives 98mg. N. This, however, 
is much too low, since by deducting the amount of albumose found at 
the end of the experiment from that at the beginning we arrive at the 
figure 16°38 mg. The error, therefore, in the estimation of the albumose 
in the filtrates is very large; considering that the albumose in the last 
two filtrates is estimated to about 5°/, it would appear that the main 
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error must be in estimating the albymose in the first four filtrates. 


The estimated amount is 6°51 mg. N, the real amount 13'51—an error 
of 50°/,! It is clear that the-albumose in the earlier filtrates cannot. be 


properly estimated in this way and that there is more albumose left: 
over in the saturated solution in the presence of other: substances whan 


when these are absent. 
In order to test this point further I endeaxenned to extract. what 


albumose there was from the first filtrate. The Na,SO, was got rid of 
by crystallisation and the liquid saturated with ammonium sulphate, 


when a small precipitate appeared. I then added Siegfried’s iron alum 
solution, when a further precipitate appeared. (This was albumose, 
since it will be recollected there was no peptone present, and moreover 
the original mixture of nitrogenous bodies gave no precipitate when 
tested in this way.) This was filtered off, the iron got rid of and the 


albumose precipitated by saturation with ammonium sulphate, the — 


precipitation now occurring easily. It was reprecipitated four times 
in great dilution, the last two filtrates showing practically no organic 
matter. The organic N was then estimated and gave 3°64 mg. This 
is more than double the albumose in the last two filtrates, which con- 
tain no impurity. This then is conclusive proof that in precipitation of 
albumoses by salting out more albumose is left over in the filtrate when 
impurity is present than when there is none. 

This is also the case-in the precipitation of primary albumoses, 
whether by sodium chloride or ammonium sulphate (“ half saturation ”). 
It may be simply demonstrated as follows. Some Witte’s peptone 
at 10°/, solution is saturated with NaCl: to the filtrate is added 
some acetic acid till a fair precipitate appears: this is filtered off, 
dissolved. in water, neutralised, and brought to exactly the same 
volume as was the original solution. On again saturating with 
NaCl a well-marked precipitate results, showing that considerably 
more primary albumose is left in solution after precipitation when 
secondary albumoses and other substances are present in large quantity. 
than when they are present in smaller quantity. If the primary 
albumoses are precipitated by the addition of an equal volume of 
saturated ammonium sulphate the same thing can be shown, the 
precipitation of the primary albumose in the filtrate being brought 
about by the addition of a little more ammonium sulphate solution 
(instead of acetic acid) as described in the introduction, The same 
phenomenon can also be demonstrated in the same way in the case 

of serum globulin and albumin. It would thus seem that this is a 


p 
~ 
: 
= 
[4 
if 
43 
BS 
a 
+ 
> 
G 


SEPARATION OF PROTEIDS. 985 


general property of proteids on being salted out. By a single salting 
out only a very imperfect separation is’ effected: in the precipitate 
are carried down large quantities of the soluble substances belonging 
to the filtrate: while in the filtrate is left over an unexpectedly large 
amount of the insoluble substance of the precipitate. 

It would appear also from the above experiments that the amount 
of precipitable matter left in solution in this way varies with the 
quantity of soluble matter in the filtrate. I also came to the conclu- 
sion from these and other more extensive experiments to be described 
later on that the different albumoses or proteids of serum dissolve much 
more extensively in each other than they do in non-proteid bodies; 
which was to be expected. 

It is obvious that this property must considerably affect the method 
of estimation I propose, the estimate of the albumose in the filtrates 
being always too low. 

In the preceding section I showed that by washing by rubbing 
much less albumose passes into the saturated solution than in precipi- 
tation. If, therefore, rubbing replaced precipitation in the experiment 
much less albumose would be lost in the filtrates. And I thought that 
if this amount were calculated in the same way from the amount in the 
two last filtrates from the final test of purity a more exact result might 
be obtained. 

To test this I performed an experiment similar to the first except 
that after the first precipitation the separation was carried out by 
rubbing. | | 

The albumose used was from casein, while the products artificially mixed with it were 
obtained also from casein but from a tryptic digestion. I thought that with such products 
a fairer test could be made. The tryptic digestion was carried on 5 days, when only a 
small precipitate was given.on saturation with ammonium sulphate. The mixture was 
then evaporated to dryness and extracted with a saturated solution of Na,SO, at 40° C.: 
this was then filtered and the bulk of the salt removed by crystallisation: it was then 
Again saturated with Na,SO, when a faint precipitate appeared: this, after standing, was 
filtered off and the bulk of the salt again removed. The liquid then only gave a trace of 
albumose on salting out, while a distinct biuret showed the presence of peptone. An 
amount of this containing 78°4 mg. N was mixed with some albumose containing 139°3 
mg. N. The volume of the mixture was 46 c.c., it was saturated with Na,SO,, allowed to 
stand 5 hours and filtered. The precipitate was then rubbed with successive quantities of 
the saturated solution at 50° C., the wash water in every case being filtered to collect the 
small amounts of solid matter it contained. Seven such washings were performed and by 
the sulphuric acid test the last showed only a little organic matter. The albumose on the 
filter-papers was then dissolved off as described in the preceding section, together with the 
albumose that was on the sides of the beaker and on the spatula used for rubbing, the solu- 
tion placed in the beaker and salted out; this was done to collect and purify these small 
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amounts. The whole was then further rubbed three tines, the last wash water showing 
searcely any colour with sulphuric acid. 
4 hours and filtered ; it was then redissolved in 85 0.0. ee 
4 hours. i 
“Ist filtrate vol. 84 ¢:0, contained 1-88 mg. N, 
2nd 1°26 mg. N, 
The albumose was then dissolved in water made up to 50 c.c. in a measuring flask and 
the N estimated, two observations being made, 
The total volame of the wash water together with the filtrate from the first precipitation 
was 182 ¢.c. The amount of albumose in this was calculated on the basis that it was on 
the average at the same strength as in the last filtrate, viz. 1-26 mg. in 35 c.c. 


Albumose put in mixture = 139-3 mg. N Albumose found 129°5 ‘mg. N 
| , Albumose in last two filtrates 2°59 ,, 
6-55 
182 c.c. washings | 
Total estimated albumose 138°64 mg. N 


It will vo seen that a highly accurate result was obtained. I do 
not, however, claim that in esti mating the albumoses of a digestive 
mixture anything like this accuracy is attainable. — 

It will no doubt have been noted that in the case of these artificial 
mixtures the separation is much more easy and rapid than in the 
original digestive mixture. This is especially marked in the experi- 
ment shown in Table IV. In this case working with a 5°/, solution 
of albumose the large excess of ay is — in only. four 
precipitations. 

The “carrying down” property of the albumose i is scarcely at all 
marked, only about 15°/, of the impurity present being retained in the 
precipitate (in first two saltings out) as compared with 50°/, in the case 
of the digestive mixture. At first I thought that this striking differ- 
ence might be due to the products used in Table IV being artificially 
prepared, and it was partly on this account that I used products from a 
tryptic digestion in the second experiment. There is no doubt, however, 
that in that experiment also the separation was much more easy than in 
a digestive mixture. The total volume of the filtrates and washings was _ 
182 c.c.; in the experiment in the preceding section conducted by 
rubbing. the total volume of filtrate and washings was 750 c.c.; and 
as more than three times the quantity of albumose was concerned 
the figure for comparison would be -250 cc. Again, the former was 
precipitated once and rubbed ten times while the later was precipi- 
tated twice and rubbed thirteen times before the separation was 
complete. . The ease with whieh the separation of Table IV was 
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conducted, therefore, could not be due entirely, if at all, to the 
products being artificial, though perhaps the absence of peptone had 

something to do with it. Perhaps it is that in the digestive 
mixture there is some sort of loose combination between the various 
substances. The phenomenon, however, whatever may be the cause, 
prevents a complete test of this method of estimating albumoses, 
and since in the case of the digestive mixture the volume of the wash 
water is greater than in these artificial mixtures, and since the prin- 
cipal source of error lies in estimating the albumose contained therein, 
it is clear that the error in the case of the digestive mixture will be the 
greater. 

And furthermore the degree of error in the case of estimations in 
the digestive mixture would also depend on the proportion of albumose 
present, since the greater the quantity of peptones and other substances 
present, the more albumose Will be dissolved in the washings, so that 
the higher the proportion of albumose present in any given liquid the 
less will be the error in the estimation. The high accuracy of the last 
experiment no doubt partly depends on the fact that there was a fairly 
large proportion of albumose present, about 64°/, of the total nitrogen 
in the experiment belonging to the albumose. In this experiment 
the error is about 0°5°/,. If there had been 10 times the amount of 
impurity, possibly 10 times the amount of albumose might have been 
carried into the wash water, and then the error would be 5°/,. I do 
not think, therefore, in view of the unknown quantity of albumose 
that may be lost in this way, that the method can be relied on when 
there is only quite a small proportion of albumose in relation to other 
substances in the solution to be examined. The estimations would 
always be too low. In mixtures, however, containing a larger pro- 
portion of albumose, say 20°/, and over, the method should give 
results of fair accuracy, and where there is a still higher proportion, 
say 60°/, and over, considerable accuracy may be ers and the 
error should not exceed 2°5 it 


Section III. THE PRIMARY ALBUMOSES. 


Having completely separated albumoses from the other constituents of 
the digestive mixture I now proceed to consider the separation of one 
albumose from another. Kitihne divided albumoses into four different 
bodies, dys-, hetero-, proto-, and deutero-albumose, the three former being 
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separated out of the digestive mixture by complete saturation with 
sodium chloride. It has since been supposed that dys-albumose is 
an insoluble modification of hetero-albumose. Pick, using his 
fractional method separated out hetero- and proto-albumoses, primary 
albumoses, by means of the addition to the albumose mixture of an 
equal volume of saturated solution of ammonium sulphate. He 
’ furthermore separated hetero- from proto-albumose by means of adding 
to their solution an equal volume of alcohol. Ktihne, on the other 
hand, effects this separation by \means of dialysis, defining hetero- 
albumose as insoluble in water, proto-albumose as soluble. Folin? also 
has introduced another method of separating proto- from the secondary 
albumoses by means of copper acetate which produces a precipitate in 
the digestive mixture. As I have pointed out in the introduction, 
these authors (with the exception of Kiihne, in the case of hetero- 
albumose) do not offer any adequate evidenice in favour of the purity of 
their preparations. The probability is therefore that these bodies have 
not been completely separated from each other or from other substances. 
Furthermore the different methods have not been adequately correlated 
to each other. In the case, for example, of proto-albumose it has not 
been shown that the three different methods of Kiihne, Pick, and 
Folin produce or tend to produce the same substance. Perhaps I 
should also mention the methods of Schrétter* who seeks to make 
separations by means of acetyl and benzoyl compounds: but here again 
there is no correlation to other methods. — 

In attempting to apply more exact methods to the study of these 


separations, I began by oe the primary albumoses with 
sodium chloride after Kih ne. 


40 grms. of Witte’s peptone were hihi daban of water, the solution completely 
saturated with NaCl and allowed to stand 24 hours, The precipitate was then filtered 
off and well rubbed in saturated salt solution eight successive times, it was then redissolved 
and reprecipitated and again rubbed in 10 successive portions of salt solution. I then 
tested as to whether the separation was complete, by two successive precipitations in the 
manner before described. | 

Ist filtrate vol. 127¢.c. Of this 60c.c. contained 19°32 mg. N. 
2nd filtrate vol. 126c.c. Of this 60c.c. contained 11°76 mg. N. 

It was thus clear that since the first filtrate contained more N than the second the 
separation was not complete. : 

Note. The Kjeldahl process can be carried out as usual in the presence of.excess of 
NaCl. It is best to dilute the saturated salt solution before adding sulphuric acid. _ 
At this point of the experiment a large proportion of the albumose was found to be 


Folin, Zeitsch. f. physiol. Chem. xxv. p. 152. 1898. 
Schrotter, Monatschriften f. Chemie, x1v., xv1., xvit., x1x. 1898—1896. 


‘ 
og 
a 
| | 
Jed 
- 
ay 
“Al 


SEPARATION OF PROTEIDS 


insoluble : this was filtered off and the liquid dialysed for 24 hours in order to separate 
out some ‘farther portion of the hetero-albumose. The total nitrogen in a small portion 
of the clear filtrate was estimated, and it was found from this that rather more than 
a gram of albumose was present. The liquid was then evaporated to 25¢.c. and again 
saturated with NaCl. Owing to the failure of the rubbing method in this instance 
to effect the separation I continued to redissolve and reprecipitate, only occasionally 
rubbing. As a rough method for testing the progress of the separation I used the biuret 
reaction, adding the equal quantities of CuSO, solution and KOH to equal volumes of 
successive filtrates and observing the difference of tint. I reprecipitated the albumose 
10 times before the N value of the filtrate became constant. - Several precipitations were 
conducted at a 2 °/, solution, others at 8 or 4°/,. , he. 


_ give the last five filtrates. 
of filtrates N in filtrate 
23°5 c.c. 2°52 mg. 
ll 2-03 
ia’ 28°26 
2°03 
230 1°96 


_» From this it is clear that the N value of the last four filtrates is constant and the 
separation therefore complete, By the biuret test I could detect a difference 
filtrates 8 and 9, but not between 9 and 10. 


From a comparison of this experiment with the previous ones it is 
clear that it is much more difficult to separate one albumose (or one 
group of albumoses) from another than to separate total albumoses from 
peptones and other bodies. This, however, is only what we should 
expect since it is generally found that the more nearly alike bodies are 
the more difficult it is to separate them. In this case the rubbing 
method only effected separation very slowly, while in the preceding 
cases it was comparatively rapid. In the previous cases also a 2°/, 
strength of solution for precipitation was found fairly effective, but in 
this case 2°/, dilution was not much better than 3 or 4°/,. 

In the first test experiment at a dilution of 0°5 to.0°75°/, a fairly well- 
marked difference in the N of the filtrates is seen, so that had the 
experiment been continued at this dilution the separation would have 
been more quickly effected: I feared, however, that I should lose too 
much material. 

Kiihne in order to separate his proto- from his deutero-albumose 
precipitated the former with sodium chloride from 2—4 times: it is 
obvious, therefore, that his preparations must have been highly impure. 

_ I next proceeded to compare the precipitating capacity of NaCl 
(complete saturation) with that by the addition of an equal volume of 
saturated (NH,)SO, solution. - 
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- To do this effectually I first got rid of the greater part of the NaCl that was mixed 
with the albumose obtained as above, by precipitating it by the addition of about two 
volumes of saturated (NH,),SO, solution, so that while most of the NaCl remained in , a 
solution, practically all the albumose present must have been precipitated. The albumose — 2a 
was then dissolved in a given volume of water and precipitated by the addition of an equal | | 
volume of saturated (NH,),SO, solution. This process was repeated and the two filtrates 
examined as to their organic nitrogen by the method explained. : 

1st filtrate vol. 22¢.c., N 0°56 mg. 2 
2nd filtrate vol. 21:5.0.c., N 0°56 mg. ; 


From which it is plain that all the albumoses precipitated by satu- 
ration with NaCl are also precipitated by the addition of an equal 
volume of saturated (NH,),SO, solution, and further that the latter 
is a more effective precipitant than NaCl. (Compare previous table.) 

I now proceed to the examination of Pick’s method of preparing 
hetero-albumose by means of precipitating it by the addition of alcohol 
to the solution of albumoses: he claims that it is much better than | 
Kiihne’s method. The method is certainly a careful and laborious one, 
involving no less than seven precipitations, and the substance so prepared 
must certainly be regarded as one of the purest albumoses yet obtained. 

I followed as exactly as possible his method of preparation as given on — 
pp. 238, 2391, and which consists (put briefly) of 3 precipitations with 
ammonium sulphate and 4 with alcohol. 

_ I examined the resulting substance in the way I have proposed. 
It was dissolved as far as possible in hot water (150 c.c.) and precipitated 
by an equal volume of alcohol and allowed to stand 24 hours. The 
precipitate was then filtered off and the whole process exactly repeated. 
The N in the two filtrates thus obtained was estimated by Kjeldahl’s 
method after the alcohol had been evaporated off and any traces of 
ammonia got rid of. : 


Ist filtrate vol. 230 c.c., of this 40 cc. gave 13:16 mg. N, in whole 
75°67 mg. N. 

2nd filtrate vol. 240 c.c., of this 40 oc. gave 1:89 mg. N, in whole 
11°34 mg. N. 


From this it is clear that the preparation was not pure, the ides 
not being yet separated from those albumoses which are soluble in 
equal volumes of water and alcohol. And further examinations of the 
first filtrate showed the presence of secondary albumoses and a small — 
quantity of an albumose easily soluble in equal volumes of alcohol and 
water, but precipitated by an equal volume of saturated (NH,),SO, 


! Pick, Zeitsch. f. physiol. Chemie, xxvim, 1899. 


2 
x 
“a 
4 
¥; 
Ag 
a 
3 
ba 
ves 
Jo 
“a 
alg 
ras, 
4 
on 
‘ 


SEPARATION OF PROTEIDS. 291 


solution. The-impurity amounted to about 10°/,. I then carried the 
separation of the albumose precipitated by an equal vol. of alcohol to 
completion by a further precipitation. 
Finally, two successive filtrates were tested as follows: 


4th filtrate vol. 242 c.c. gave 8:12 mg. No 
5th ” » 244 ” 9° 1 » 


Since the second filtrate actually contained more N than the first it 
was obvious that the separation was complete, since the excess must 
have been due to more of the substance of the precipitate being left 
over in solution. I subsequently found that this was due to the effect 
of temperature, the solubility of albumoses in alcohol and water heing 
a affected by temperature. 

It may be noted that in this the was almost 
wntinely got rid of in the first filtrate, the difference between the N -in 
the filtrates 1 and 2 being very striking, while there is very little differ- 
ence between filtrates 2 and 4. 

~The amount of albumose obtained was about 5 grams, so that the 
- dilution was rather less than 2°/,. This is a striking contrast to the 

_ behaviour of albumoses with sodium chloride. 

I then examined the behaviour of this fraction of albumose in 
water. During the precipitations it was apparent that a considerable 
part of it was insoluble in water at room temperature, and that it 
did not completely dissolve in hot water. The completely separated 
substance was very largely insoluble, both in hot and cold water; at the 
same time it was apparent that part of it was soluble. 

The whole was well rubbed in hot water for some time and then allowed to cool. After 
standing some hours it was filtered, the clear filtrate being of a yellow colour and con- 
taining plenty of albumose, The insoluble portion was further rubbed in hot water, | 
allowed to cool and again filtered: the filtrate on this occasion containing much less 
albumose. This process was repeated until the filtrate only contained quite a small quan- 
tity of albumose and was colourless, there being still plenty of insoluble matter. The fil- 
trates were then united. 

It is clear from this experiment that the albumose precipitable by 
the addition of an equal volume of alcohol can be further separated 
into two substances, one nearly insoluble in water, the other soluble. 
Now Ktihne describes his hetero-albumose as insoluble or nearly so in 
water, and as I see no reason at present for.changing this definition 
I propose to continue to ) speak of this water-insoluble fraction as hetero- 
alburnoee. 

~ T found this shane to be very little soluble in water, either hot 
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or cold,. After heating a portion with water to 60° C. for some time 


and filtering hot, the filtrate, which was clear and colourless, onlyshowed | 


a slight cloud after cooling and standing: ‘This. water-insoluble portion 
consisted of rather less than half the fraction insoluble in equal’ parts 
water and alcohol. 

Thus we have a body cleaily and ‘sharply defined from pther 
albumoses. 

Fractional precipitation. The substance I propose, 
sionally, to call a-proto-albumose. The solution of a-proto-albumose 
obtained as above is, as we have seen, completely separated from all more 
soluble albumoses ; we should expect, however, to find some considerable 
amount of hetero-albumose dissolved in it, since’ we have seen how the 
less soluble albumoses are always retained in solution by the more 
soluble, I therefore examined this solution for hetero- or water-insoluble 
albumose by the method of fractionation proposed in the introduction. — 
Saturated athmoniom sulphate solution was slowly added till a small precipitate 
appeared. This precipitate on being filtered off and well pressed between filter-papers was 
found to be nearly entirely insoluble in water, hot or cold. It was clear, therefore, that 
hetero-albumose was present in some quantity, To get rid of it I proceeded to take further 
fractions by the addition of further small quantities of the saturated solution. . The earlier 
fractions all showed themselves partly insoluble in water. After a time, however, a fraction 
was obtained which was completely soluble in water: this did not show that no hetero- 
was present but simply that there was sufficient a-proto-albumose and salt to hold what 
there was of hetero- in solution. On adding to this solution a small quantity of alcohol or 
salt solutions, i.e. taking a sub-fraction, a small precipitate was obtained which was parti- 
ally insoluble in water; thus demonstrating the presence of hetero-albumose. Continuing 
the process the main liquid was entirely divided into small fractions in each of which hetero- 
albumose could be demonstrated in decreasing quantity, the last (obtained by nearly com- 
pletely saturating the solution with salt) showing only a very small quantity. 
- Each of the soluble fractions had to be sub-fractioned in order to test for sihieo-aibe- 
mose, and this process was continued until a séries of end fractions was obtained, each 
containing only a very little hetero-. Many of the middle fractions were then united and 
further fractioned. All the end fractions were then added together and the whole process 


repeated ; this time alcohol being used as a precipitant. Finally, nT spr st» 
proto-albumose was obtained nearly free from hetero-albumose. 


In this particular experiment the presence of the salt antadnoed 
a slight complication, since on testing the fractions it tended always to 
hold the hetero- in solution; so that in the later fractions it always had 
to be got rid of by further fractionation or precipitation by alcohol... It 
would, of course, have been much simpler to have done the whole fract- 
ionation with alcohol : but I found on attempting it that the precipitates 
were so difficult to filter that the ammonium sulphate process: was 
quicker. In the sub-fractioning with alcohol: that I spoke of I found no 
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difficulty, the presence of salt apparently influencing the precipitates 
and making them easier of filtration. 

also found that, after most of the hetero- had ‘aed got rid of, the 
fractionation with alcohol was much easier: hence I used ‘it instead ‘of 
salt in the repetition of the process, __ 

The nearly pure substance obtained in this way I found to be fairly 
easily soluble in water, solutions of syrupy consistence being obtainable. 
It is thus sharply distinguished from hetero-albumose. It. is nearly 
completely precipitated from its solutions by rather less than an equal 
volume of alcohol or by an equal volume of saturated (NH,)SO, 
solution. 

I next proceeded to compare the effects of precipitation by ogriel 
volumes of saturated (NH,),SO, solution and alcohol. 

_ Fifty grams of Witte’s peptone were dissolved in 500 c.c. of water and precipitated by 
the addition of ah equal volume of saturated ammonium sulphate solution, This was 
repeated eight times, when two successive filtrates were tested as follows : 

8th filtrate vol. 940 c.c., of this 50 c.c. gave 1:88 mg. N, 
9th » » 1°82 mg.N, 
which showed the separation to be complete. 

In this experiment the strength of the solution of the primary 
albumoses was about 0°5°/, (that is after the addition of the salt solu- 
tion). ‘This would account for the separation being more rapid than i in 

the experiment with NaCl. - I did not attempt any rubbing. 
| It would appear that the best strength of solution at which to 
conduct precipitations varies with the substance to be precipitated and 
the nature of the precipitant. On the whole very much more dilute 
solutions should be used than those generally recommended by workers 
in albumoses. 

As a simple test of purity during the progress of the wisartines 
I employed the following process. 200—300 cc. of the filtrate were 
completely saturated with the salt: the resulting precipitate was 
dissolved in quite a small quantity of water, 10 cc, and an equal 
volume of the saturated salt solution added. If nearly the whole of 
the albumose present was precipitated it was clear that there could 
only be a very small percentage of secondary albumose present. The 
test is the more delicate the larger the quantity taken of the filtrate 
to be tested. 

The sulphuric acid test is not ‘applicable here since the primary 
albumoses, especially hetero-, give a much darker tint than secondary 
albumoses, so that in comparative oe the — of be 
latter is too much obscured. 
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Having thus entirely freed the primary fraction from all more soluble albumoses I got 
rid of the salt that was present, with the exception of the last small amount, by carefully 
pressing between filter-papers and then by dialysis. An equal volume of alcohol was then 
added to the mixture and the whole allowed to stand 24 hours. The filtrate from this 
evidently contained some amount of albumose. The precipitate was again as far as 
possible dissolved in water and reprecipitated a second time. The filtrate from this was _ 
united with the first filtrate and the aleohol evaporated off at 37°O,: the small quantity 
of (NH,),80, remaining was then got rid of by the careful addition of barium hydrate 
and further evaporation. The albumose was then precipitated by addition of excess of 
alcohol, filtered off and redissolved in water; being then entirely free from salt. The 
addition of an equal volume of alcohol now gave only quite a small precipitate, the bulk _ 
of the albumose remaining in solution. 


The existence, therefore, was to be inferred of an sihicianen precipit- 
able by the addition of an equal volume of saturated (NH,),SO, solution, 
but soluble in equal parts alcohol and water. I will call this body, 
provisionally, 8-proto-albumose. The proto-albumose prepared by Pick 
_ must no doubt have consisted principally or largely of this substance. 

I then proceeded by means of the process of fractional precipitation 
as described above to free this substance from the hetero-albumose = 
a-proto-albumose dissolved in it. 

In this case I used alcohol as a precipitant; I found that the 
precipitates came down readily and could be easily filtered: very often 
they sank and formed a sticky mass at the bottom of the beaker so that 
the clear liquid had only to be poured off. This rendered the process 
much simpler than in the case of the purification of a-proto-albumose. 
The first few fractions disclosed both the last-mentioned substance and 
hetero-albumose. I continued this process some time, fractions and 
sub-fractions being taken as before described, until at length I obtained 
a small quantity of 8-proto-albumose that was nearly pure. 

It was easily soluble in water and precipitable by the addition of an 
equal volume of saturated solution of (NH,),SO, At room temperature 
it was not precipitable by the addition to its solution of an equal — 
volume of alcohol. I found, however, that in precipitating this 
substance with alcohol much depended on the strength of the solution 
and on the temperature. Concentrated solutions in the cold 0°—5° C. 
were partially precipitated by an equal volume, while in the case of 
more dilute solutions at room temperature the substance did not begin 
to fall out of solution until two or perhaps three volumes of alcohol had 
been added, Even after the addition of several volumes of alcohol a 
considerable quantity of the substance always remained in solution. 
The substance may, therefore, be described as very soluble in equal 
parts alcohol and water, though this solubility varies with the tempera- 
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' It is. thus clearly distinguished from a-proto-albumose, which 
is ag 8 completely thrown out of solution by less than an equal 
volume of alcohol, even at 40°C. (It may be noted that the presence 
of (NH,),SO, in a solution retards the precipitation of these bodies by 
alcohol and of course must be excluded in comparative experiments.) 

I have not as yet had sufficient experience of the method of 
fractional precipitation employed in these two instances to enable me to 
form a final opinion as to the degree of purity attained by its means, 
but it is obviously a very efficient method when pushed far enough. 
Primary ateutosce are 6 thus shown to consist of at least three different 

Hoetero-albumose, 
2. a-proto-albumose. 


3. B-proto-albumose, 


I have not yet completed my investigations of these substances. It is 
possible they may be further split up. This question will be dealt with 
in my next paper, in which I shall also describe the secondary 
albumoses. Until this is done and we are enabled to get a general 
view of the series. of substances into which albumose may be divided, 
I do not propose to make. any detailed study of the constitution or 
properties of the bodies at present obtained. 

Careful comparative experiments, however, have been made as to sis 
behaviour with Millon’s reagent which show an interesting difference 
between the two proto-albumoses, Hetero- and a-proto-albumose give 
only a deep yellow colour on boiling with Millon’s reagent, while B-proto- 
gives a well-marked red colour, showing that the tyrosin group is 
present to a much greater extent in the latter than in the two former. 

All three bodies give the glyoxylic reaction showing the presence of 
the tryptophane group. 

In regard to Folin’s copper method of preparing proto-elbumoee I 
found that the behaviour of albumoses is the same when precipitated by 
copper acetate (or sulphate) as when salts or alcohol are used, that is 
to say, large quantities of other albumoses are carried down. The two 
successive precipitations at about 10°/, strength recommended by Folin 
are utterly inadequate to bring about anything like a complete separa- 
tion. In two different preparations (one by another observer) I found 
secondary albumoses to the extent of 20 and 30°/,. Hetero-albumose 
was also present in large quantity. 

This indicates that the behaviour of these bodies is the same in 
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whatever way they may be precipitated, and that their separation is 

always very difficult. 

; In concluding I will describe two experiments very instructive as to 
the behaviour of nearly related proteid bodies towards each other on 

the addition of precipitating reagents. 

An equal volume of saturated (N H,),80, was added to some serum ; 
the precipitate ‘after standing was filtered off. The filtrate was then 
by the gradual addition of the saturated salt solution divided into a 
series of fractions, the last being obtained by completely saturating the 
solution. In each of the fractions, some six in all, there was detected 
the presence of globulin, that is to say, of proteid insoluble in‘ water, 
soluble in salt solution, precipitable by the addition to its solution of 
an equal volume of saturated salt solution. 2 

In a similar fractionation by means of alcohol of a mixture of 
albumoses I was able to demonstrate the presence of hetero-albumose 
in every fraction, even in the last filtrate, which consisted of me 
alcohol. 


SUMMARY AND GENERAL REMARKS. — 


1, In the foregoing Paper exact methods are proposed for ‘the 
separation of proteids by precipitation. 

(1) Repeated precipitation at constant volume till. the organic | 
nitrogen in filtrate is constant in quantity. 

(2) Fractional precipitation. (To be carefully distinguished from 
Pick’s method of taking fractions.) 

2. The application of these methods to proteids of serum and the 
digestive mixture shows that the various procedures. (crystallisation 
excepted) of previous authors in dealing with these ee 
mixtures are quite inadequate to produce pure substances. _ 

3. Albumoses have been completely separated from peptones and 
other bodies. On this separation is based a method of estimating total 
mixed albumoses. _ 

4. Primary albumoses are shown to consist. of at least three 
substances : 

1. 
a-proto-albumose. 
3. 8-proto-albumose. | 
The last two substances have been obtained iit pure and show 
an — difference in their’constitutions, 
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& The application of the above methods has advanced far enough 


to enable us, I think, to draw certain general conclusions. 

It is abundantly clear that it is only by the rigid application of the 
ehemical principle referred to at the outset that any real’ advance can 
be made, and that the difficulty of the separation of these bodies is very 
much greater than has hitherto been supposed. : 

We have seen that on a particular proteid (or group of proteids) 
being precipitated, it carries down with it large quantities of other 
proteids and also other substances: while large quantities of the proteid 
desired to be precipitated remain in the filtrate. 

In the case of serum or the digestive mixture let us suppose that a 
fraction is taken : it will be found to contain some of the bodies soluble 
in saturated ammonium sulphate solution: it is to be inferred therefore 
that it contains a portion of every proteid present, since if still more 
soluble bodies are retained, how much more will the proteids be 
retained. | 

We have seen also that if a series of such fractions be taken, the 
last will contain small quantities of the most insoluble proteid present. 
We may therefore infer that in the last fraction there is also a portion 
of every proteid present, since if it contain the most insoluble, how 
much more must it contain the others. But if the first and last: 
fractions each contain a portion of every proteid present, it is obvious 
that the intermediate fractions must also contain every proteid. Thus 
we arrive at the general conclusion that in a series of fractions every 
fraction must contain every proteid present. , 

_ There would not, of course, be equal quantities of the various bodies 
in each fraction: the first would contain a large quantity of the most 
insoluble, less quantities of the others, and only quite a small quantity 
of the most soluble. Each fraction would thus contain varying quanti- 
ties of the different substances. Probably* the relative amounts of the 
different proteids present in any one fraction would depend among 
other things on the dilution at which the precipitation was carried out. 

We have seen that as the dilution increased the “carrying down” 
property becomes less; so that in great dilution it is possible that it 
may become quite small and that fractions thus obtained would only 
contain quite small amounts of the more soluble substances. I have no 
direct experiments on the point. Great dilution, however, and on this 
point I have some experience, does not prevent the substances properly 
belonging to the precipitate from being left over in the filtrate: so .._ 
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that in all probability the conclusion I have drawn holds good at great 
dilution. 

In regard to the method of fractionation as developed by Pick, I 
do not see that the fact, that, during the gradual addition of the pre- 
_ cipitant to the proteid solution, at certain moments larger quantities 
and at others smaller or even very small quantities come down, can 
affect this conclusion. These natural boundaries, as we may term 
them, to certain fractions do not necessarily prove that the substances 
within them are pure; though it is not an unnatural inference to make. 
We have constantly seen in the case of the best marked of these 
divisions that between the globulins and albumins and between the 
primary and secondary albumoses such inference is highly erroneous. 
These “natural boundaries,” then, can only be taken as showing that 
the proteid operated on is not homogeneous, and as indicating the ~ 
existence of the various substances or groups of substances into which 
it can be split. . 

I think the best explanation of the tenacity with which these bodies 
cling to each other is to be found in the supposition that there is some 
sort of loose chemical combination among them. This hypothesis would 
also explain the fact that once a complete separation has been effected, 
if the products are artificially mixed again a second separation is not so 
- difficult. It is also in harmony with our general knowledge of the 
chemical condition of the living organism. When the chemical equi- 
librium of such a system of proteids in loose combination is upset by 
the addition of a precipitant, only a partial separation is effected, some 
of the soluble proteids going into the precipitate and some of the 
insoluble remaining in the filtrate, the loose combination in these 
two cases being maintained. | 

It is only by extensive and exact methods such as I have described 
that we can hope to effect the isolation of such bodies, 


This research was conducted during my tenure of the John Lucas 
Walker Studentship. | 
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ON THE PRODUCTS OF DIGESTION OF THE PRO- 
TEOLYTIC SPLEEN ENZYME ACTING IN AN 
ALKALINE MEDIUM. by E. P. CATHCART, MD, 
Research Student in Pathological Chemistry, Lister Institute, London. 


SomE two years ago Leathes” investigated the products formed. by 
the action of the lieno 8 protease, the enzyme acting in an acid medium 
discovered by Hedin and Rowland® in spleen juice, and more fully 
investigated later by Hedin®. It was accordingly of some interest to 
see whether the products resulting from digestion with the lieno a 
protease, the spleen enzyme acting in an alkaline medium, were similar 
to those discovered by Leathes. 

. The necessary digestion was carried out with the enzyme, silat 
in the manner described by Hedin in his paper, from some 25 ox 
spleens, The enzyme solution was then added to finely ground and © 
well washed coagulated blood serum suspended in 0°25 °/, sodium carbo- 
nate solution, to which a small quantity of toluol and chloroform had 
been added. After 74 months’ digestion at 37°, when the increase in 
non-precipitable nitrogen—as tested for in the tannic acid method— — 
was found to have ceased, the whole digest was decanted into a large 

in, faintly acidified with acetic acid, and heated for some time on a 
-water-bath in order to coagulate any proteid left. After removal of the 
solid matter by filtration the filtrate gave only a slight precipitate with 
tannic acid. To free the fluid completely from the proteid substance 
it was further treated with an excess of lead hydroxide and then filtered. 
On freeing the filtrate from lead by means of H,S the resulting fluid 
gave no precipitate with tannic acid, only a very slight biuret reaction, 
no bromine, but a very well-marked Adamkiewez-Hopkins reaction. 


SEPARATION OF THE PRODUCTS OF DIGESTION.: 


L The solution, after. concentration, was precipitated with 10 lo 
mercuric sulphate in presence of 5°/, H,SO,, in order to precipitate any 
tryptophane present. Hopkins and Cole”. 

I. After removal of the mercury from the filtrate, phospho-tungstic 
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acid was added for the purpose of separating the monamino and diamino 
acids. 

I. PRECIPITATE WITH MERCURIC SULPHATE. The precipitate formed 
was allowed to stand for about 12 hours, then filtered off and washed 
with 5°/, sulphuric acid antil the filtrate gave no red colour with 
Millon’s reagent. The mercury precipitate was then decomposed with 
H,S, the decomposition being carried out several times, at first in-cold, 
latterly in warm acid solution. The filtrate was next treated for the 
separation of cystin and tryptophane as advised by Hopkins and Cole. 
The two fractions were worked up separately, but with negative results 
in both cases. The tryptophane fraction gave the glyoxylic but not 
the bromine reaction ; the substance which was éfsres We obtained was 
syrup-like and refused to crystallise under any cond.tons. The cystin 
precipitate, which was a very small one, gave the lead Pesction, but no 
crystals could be found. 


II. PRECIPITATE WITH PHOSPHO-TUNGSTIC. ACID. 


(a) Diamino Fraction. The filtrate and washings from the mercury 
precipitate were freed from mercury by means of H,S, concentrated on 
the water-bath, and then whilst still hot precipitated with a hot solu- 
_ tion of the requisite amount of phospho-tungstic acid in 5°/, sulphuric 
acid. After standing for 24 hours the precipitate formed was filtered 
off and well washed with a solution of 3°/, phospho-tungstic acid in 5°/, 
sulphuric acid and finally dried by suction. The precipitate suspended 
in water was decomposed with barium hydrate; during the decomposition 
‘slight evolution of ammonia was noted, filtered, and the filtrate, from 
which a small excess of barium was removed by sulphuric acid, 
then concentrated. The further treatment, for the separation of the 
hexone bases, was carried out according to the method of Kossel and 
‘Kutscher®, 

‘The histidine fraction, having been precipitated with silver nitrate 
in the usual way, was well washed with water. The precipitate, sus- 
pended in dilute sulphuric acid, was then decomposed with sulphuretted 
hydrogen, the decomposition being repeated several times. The filtrate 
from the silver sulphide was next concentrated until its content in 
sulphuric acid equalled 2}°/,, and from this solution the histidine was 
precipitated according to the method of Kossel and Patten® with 


mercuric sulphate. The free base thus obtained was finally _— 
into the bichloride. 
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Analysis. > 0°3099 grm. substance gave 0-0574 grm. N. 
N found=18°°, for 0,H,N,0,2H01= 18°4%,, 


The arginine fraction obtained by the addition of an excess of satu- 
_ rated solution of barium hydrate to the filtrate from the histidine 
fraction was filtered off and well washed with baryta water and then | 
decomposed as usual with sulphuretted hydrogen in presence of sulphuric 
acid: The filtrate, from which the sulphuric acid was removed, was 
concentrated until the solution was of the consistence of thin syrup, 
then exactly neutralised with nitric acid, and further concentrated and 
left to crystallise. The crop of crystals obtained was a by several 
recrystallisations from water. 


Analysis, 0-2477 grm. coy 
Found 6-46%,H and 81/, 0. 
Calculated for O,H,,N,O,HNO,, 6°37 °/, H and 30-34%), C. 


On testing the crystals as regards their optical activity they were 
found to produce no rotation. (The original mother liquor was also 
tested with the polariscope, it likewise was inactive.) That this was 
the imactive arginine nitrate was further confirmed by taking the 
melting point when decomposition was found to begin at 212°. 
Kutscher™ gives 211° and I® found in a previous sample 210°. The 
melting point of the active variety as given by Gulewitsch® is 175°. 

Lysin Fraction. The barium and silver in the filtrate from the 
atginine were removed by means of sulphuric acid and sulphuretted 
hydrogen respectively, the filtrate concentrated, and the base reprecipi- 
tated with phospho-tungstic acid, the resulting precipitate being as 
usual decomposed with baryta. The excess of baryta removed by means 
of CO, from the filtrate, which was then concentrated to a syrup and 
- treated with a saturated alcoholic solution of picric acid as long as a 
precipitate was formed. The picrate, which was boiled out 3 times 
with absolute alcohol as recommended by Kutscher and Lohmann™, 
in order to remove any cholin which might be present (it be noted 
here that no cholin was found), was decomposed with 10°/, hydrochloric 
acid, the free picric acid removed by shaking out vith ether, the 
solution then concentrated to small volume, and the lysin bichloride 
allowed to crystallise out. Crystals purified by 
sation from alcohol. 

Analysis. Q2000 grm. gave 0°2606 grm. AgCl. 

Found Cl=82°22°,. 
Calculated for C,H,,N,O,2HCl = 82-42 °/,. 
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(b) Monamino Fraction. The filtrate from the precipitation of 
the hexone: bases with phospho-tungstic-acid, freed from the excess of — 
phospho-tungstic acid by means of baryta,.was concentrated, during 
which process some tyrosine along with.a little leucine crystallised out. 
The solution was eventually concentrated to dryness, the crystal mass 
obtained being then treated according to E. Fischer’s ester method. . 
The esters obtained were fractionally distilled in a vacuum of from 
14—16 mm. except in the case of se first, which chiefly esol of 
ether. 

Fraction up to 30°, mostly ether. 

Fraction, coming over between 30°—70°, likewise contained some 
ether. In addition, however, after saponification and concentration of 
the solution a small quantity of alanine was obtained. 


Analysis. 0°1533 grm. substance gave 17:1 ¢.c. 0 N 15°68 °/, N. 
Calculated for C,H,NO, =15°78 N. 


_ Fraction 70°—80°. This fraction seemed to consist mainly of amido- 
valerianic acid, leucine, and some a-pyrrolidin carboxylic acid. In order 
_ to obtain the a-pyr. carb. acid this fraction and the following one after 
saponification were extracted, separately, with cold absolute alcohol 
(Kossel and Dakin™), the alcoholic filtrates united, concentrated and 
then allowed to dry in a desiccator. The substance obtained was again 
extracted with cold alcohol and filtrate dried, this extraction was 
repeated a third time. The final product was converted into ™ ? 
hydantoin derivative, typical crystals being formed. 

Analysis.  0-0652 erm. substance gave 0-0829 grm. H,O and 0°1601 grm. CO,. 
Found = 5:64, H and 66-97 °/, C. 
Calculated for C,H,,N,0,=5°57 °/, H and 66°67 °/, C. 
u.P. was 143°, same figure given by Fischer. 


This same fraction gave, after fractional crystallisation, a fair yield 


of crystals of amido-valerianic acid. 
Analysis. 0°2441 grm. subst. gave NH,=20°3 grm. N=11°649%, N. 
Caleulated for 11-96 N. 


_ Fraction 80°—100°. This fraction contained some amido-valerianic 
acid mixed with the leucine of which it seemed chiefly to consist, and as 
mentioned above some a-pyr. carb. acid. The leucine crystals after 
repeated fractional crystallisations were obtained were quite pure. 

Analysis. 01258 grm. subst. gave 0-01868 grm. N= 10-70), N. : 
Calculated for 10°69°/, N. 
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Fraction-120°—125°. This ‘fraction was found -to contain glutamic 
acid phenylalanine and probably a small quantity of aspartic acid. To 
obtain the ‘phenylalanine this fraction and the following one were 
treated, before saponification, separately of course, with 5 times their 
volume of water and then extracted with ether in the fashion recom- 
mended by Fischer and Abderhalden ™. After evaporation of the 
ether strong hydrochloric acid was added to the residue and then the 
whole concentrated to dryness on the water-bath. Crystals obtained were 
thoroughly well washed and then converted by means of ammonia 
into the free amido acid; was recrystallised several times from 
Analysis. 0°0560 grm. subst. gave 0°0356 grm. H,O and 0-1345 grm. CO,. 

Found=7-1°/, H and 65-51, C. 
‘Calculated for ,H,,NO,=6°66 °/, H and 65°43 

The watery solution of this fraction left after treatment with ether 
was saponified by means of baryta, the solution after removal of the 
barium with sulphuric acid was concentrated. The concentrated solution — 
was then treated by Kutscher’s ™ zinc oxide method for the separation 
_ of aspartic and glutamic acids, mainly with the view of obtaining the 
first named, but the result was not very satisfactory.. In a preliminary 
digest which I had carried out with fibrin as substrate a fairly good 
yield of aspartic acid was obtained. 

Fraction 125°—160° consisted mainly of ident wid and phenyl- 
alanine. After the removal of phenylalanine as above mentioned the 
fraction was saponified with baryta. After exact removal of the barium 
the filtrate was concentrated to w very small volume, and a large excess 
of strong hydrochloric acid added. After crystallisation was complete the 
crystals were filtered off at the pump, and thoroughly washed with 
strong HCl until they were quite white. : 

Analysis. 0°2686 grm. subst. gave 0°2079 grm. AgCl=19°50°/, Cl. 

Calculated for 
u.P. was 198°, thus agreeing closely with the 194° of Kutscher. 


CONCLUSIONS. 


The following substances have been definitely isolated from the 
products of digestion of coagulated blood serum with the lieno a 
protease of Hedin: histidine, inactive arginine, lysin, tyrosine, leucine, 
alanine, amido-valerianic acid, a-pyrrolidin carboxylic acid, glutamic acid, 
phenylalanine, and ammonia. Aspartic acid was also probably present ; 
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it ia formed in large amount at any rate\on digestion of fibrin -hy the 


same enzyme. 
The most marked differences between the digestion carried out by 


Leathes and the present one are (1) the nature of the arginine 
(Leathes had the optically active variety), and (2) in Leathes’s digest 
there was an abundant yield of aspartic acid and little glutamic, whereas 
in the present case the yields are reversed. Neither Leathes nor I 
managed to isolate tryptophane, we both obtained well-marked 
— 
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THE EFFECT OF COLD NARCOSIS ON REFLEX 


ACTION IN WARM-BLOODED ANIMALS. By 
SUTHERLAND SIMPSON anp PERCY T. HERRING. 


(From the Physiologionl Laboratory, University of Edinburgh.) 


Ir has long been known that during deep anmsthesia the heat-regu-_ 
lating mechanism is interfered with, and a warm-blooded animal tends 
to take the same temperature as that of its environment. It was shown 
by one of us” that when a monkey is kept deeply anzsthetised with 
ether and placed in a cold chamber its temperature gradually falls, and 
that when it has reached a sufficiently low point (about 25° C. in the 
monkey), the employment of an anesthetic is no longer necessary ; the 
animal at that temperature is insensible to pain and incapable of being 
aroused by any form of stimulus; it is in fact narcotised by cold and is 
in a state of what. may be termed “artificial hibernation.” It is possible 
to maintain an animal in this condition for some length of time provided 
that the surrounding temperature be kept constant, and at a point — 


which is neither high enough to bring about recovery, nor sufficiently 


low to produce death. 

During the recovery of these animals from cold narcosis we observed 
that certain reflexes made their appearance much earlier than others, 
and were obtainable at lower temperatures, and this paper is the outcome 
of a number of experiments which had for their object the purpose of 
ascertaining the temperatures at which the various reflexes reappeared. 

The animals used were cats. A cat was fully anesthetised with 
ether, and placed in a chamber the temperature of which was main- 
tained at about 4° C. by being surrounded with an ice-jacket. Ether 
was administered from time to time as required by means of a tube 
leading into the chamber and opening, near the animal’s nostrils, on to a 
pledget of cotton-wool. A thermometer was inserted into the rectum 
and the animal could be watched through a glass door in the front of 


_ the chamber without disturbing the temperature of the air inside. A 


water pump with tube leading from the interior of the chamber slowly 
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extracted the air, while fresh air entered at the sides of the door and 
through the ether supply tube. 

The temperature of the cat as indicated by the thermometer in its 
rectum gradually falls, and very little ether suffices to keep the animal 
unconscious. If the anwsthesia is not deep there is an attempt to main- 
tain the temperature of the body by muscular movements, which begin 
as fine tremors in the limbs and become definite shiverings ; a rhyth- 
mical movement of the limbs is often seen. When such movements 
occur the fall of temperature is comparatively slow, and we sought to 
prevent them as far as possible by keeping the cat well under the 
influence of-ether, Whien the rectal temperature, which is about 38° C. 
in the normal cat, has fallen to about 24°C. all movements cease, the 
animal is unconscious and its temperature continues falling at about the 
same rate as the temperature ofa dead cat of the same size and weight falls 
in surroundings at a similar low temperature: The cat is in a condition 
of cold narcosis, and the administration of ether is no longer necessary. 
Respiration is slow and shallow ; in one cat with a rectal temperature 
of 19° C. the rate was 1 per minute ; occasionally there is Cheyne-Stokes 
breathing; the heart is slowed and the pulse small, With a rectal 
temperature of 16°C. the respiratory movements and heart-beats are 
almost imperceptible, and it is at first sight difficult to determine 
whether the animal is alive or dead. When the cat is in this condition 
no reflexes can be elicited, the pupils are usually fully dilated, occasion- 
ally they are unequal ; and one cat only, in-our series of experiments, had 
tightly contracted pupils. The dilated pupils show no reaction toa 1200s 
light held close to the eyes, 

A very noticeable feature in cats which have had their temperatures 
reduced in this manner is the increase of irritability of the skeletal 
muscles to direct stimulation. Tapping the muscle brings: about an 
immediate and well-marked contraction; we find this increases as the 
temperature is lowered, it does not disappear at the death of the animal. 


_- and’ was well marked in one animal 2} ‘hours after death, the rectal 


temperature then being 11°5° C. 

The knee-jerk is a very persistent phenomenon. It is known to dis- 
appear in deep anesthesia produced by ether or chloroform”. In our 
experiments we were-careful to eliminate the effects of the anzsthetic 
by allowing at least 2 hours to elapse between the last administration 
of ether and the beginning of our observations; the animal during this 
time is breathing pure air at a temperature of 4°C., and we believe 
that the effects of the ether have sufficient time to pass off, and that the 
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continued narcosis at the end of this time may be regarded as due to the 
low temperature alone. | | 
. The knee-jerk is as a rule easily elicited, and we find it present when 
all the reflexes have disappeared. In only one cat did we fail to get it 
at the lowest temperature we reduced that animal to. The lower the 
temperature the smaller the jerk. With rectal temperatures from 15° 
to 19°C. the knee-jerk is feeble and sluggish, but quite distinct. In 
the one exception it did not reappear till the rectal temperature had 
risen to 23°6°C., and in this animal the skeletal muscles responded 
readily to mechanical stimulation when the rectal temperature was 
19°C. In several animals that died at a low temperature the disappear- 
ance of the knee-jerk was simultaneous with death, and in fact was the 
only immediate indication that the animals were dead ; in these cats the 
muscles showed no loss of irritability, and contractions could be readily 
induced after death and for a considerable time afterwards. | 

To facilitate the observation of the reflexes and to hasten the re- 
covery of the animal from cold narcosis, we adopted the plan of removing 
the cat from the cold chamber when its temperature was sufficiently 
reduced, and placing it on a warm bath the temperature of which did 
not exceed 50°C. and covering it with wool and flannel. The rectal 
temperature soon begins to rise and recovery -is comparatively rapid. 
The reflexes were tested at frequent intervals, and the rectal tempera- 
ture at which each one appeared was noted. We experimented on 12 
cats. There was some variation of the temperatures at which the 
reflexes reappeared but it was only a small one, and one experiment is 
more or less typical of the rest; it will therefore suffice to record one 
only, 


Small gray cat. Female. Weight 1900 grms. ; 

10 a.m. Fully anmsthetised with ether. Rectal temperature 37°8°C. Placed in cold 
chamber at 4° C. and kept anwsthetised for 2 hrs. The ether administration was then 
no longer necessary. 2 hours 20 minutes later the cat was removed from the cold 
chamber, placed on a warm water-bath, and covered with cotton-wool. 

2.20 p.m. Rectal temp. 16°2°C. The cat is unconscious, muscles lax. Respirations 
shallow, rate 11 per minute. Heart-beats almost imperceptible. Eyes open, pupils 
moderately dilated and equal, no response to light. No reflexes present. Knee-jerk 
feeble and sluggish but quite distinct. Muscles of limbs respond readily when sharply 
tapped. 


2.40 p.m. Rectal temp, 184°C. Knee-jerk stronger, no reflexes present. 

2.50 p.m. Rectal temp. 20°C. Placing forefoot in water at 57°C. produces no effect on 
respiration or on pupils. 

8.3 p.m, Rectal temp, 21:8°C. Feeble rhythmical movements of hind limbs beginning. 

8.5-p.m, Rectal temp, 22°C. Very slight shivering and feeble rhythmical movements of 
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of the orbicularis palpebrarum muscle. 

3.9 p,m. Rectal temp. 22°4° G. Tmumeraion of the left forefoot in water at temp. of 57°C. 

-_ produces a slight acceleration of respiratory movements, but no attempt to withdraw © 

foot. Pupils respond to bright light very sluggishly. 

gauges movement of pinna. 

8.15 p.m. Reetal temp. 241°. Shivering becoming marked and general, also rhythmical 
movements of limbs. Pinching skin of limbs has no effect but the foot is withdrawn 

_ from water at temp. of 57° C, 

3.20 p.m. Rectal temp. 25° C. Papils respond more quickly to light, conjunctival reflex 
still absent. The limbs are withdrawn when skin is pinched, 

3.25. p.m. Rectal temp. 26°C. Conjunctival reflex present. no 
attempts at voluntary movement. 

3.40 p.m. Rectal temp. 29° C. to get on foet. 

8.45 p.m. Rectal temp. 30°C. Attempts to stand on feet and walk. 

walk about and showed no sign of distress. No Se ee the . 

animal was perfectly well next day, and is so still. 


The rate of cooling varies considerably in different salad and i 
markedly retarded when muscular movements occur. The rate of 
recovery of temperature when warmed is ‘much quicker; in the above 
experiment the rectal temperature rose about 1°C. every 5 minutes. 
Cats do not appear to survive when the temperature is reduced 
much below 16°C. One died at 16°C., two others at 15-5° and 16° C. 
respectively. At this low temperature respiration is very feeble, the — 
heart impulse may be seen to continue after respiration has ceased, the 
beats become irregular, apparently cease, then begin again. Death seems 
to be due partly to asphyxia. We have not seen the acceleration of 
respiratory movements which Walther” found in rabbits, but in his 
_ experiments the temperature was reduced by the application of great-cold 
without angsthetics, and movements of the limbs were prevented by 
enclosing the rabbits in tightly fitting metal cylinders. We find that 
_ the respirations diminish in frequency and depth as the temperature 
falls. | 7 
The knee-jerk was only absent in one experiment; in this cat it 
appeared at 236°C. and before any of the reflexes were obtainable. 
This animal was also an exception in that its reflexes appeared at much 
| higher temperatures than in the other experiments. As the — 
rises the jerk gets stronger and quicker. 

A tendo-Achillis jerk was present in several cats: in one ‘animal 
when the temperature was 21°C. a tap on the left tendo-Achillis caused 
an extension at. the right ankle, which was repeated at intervals of a few 
seconds for some time after the initial stimulation. The lowest. tem- 
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perature at which we found the knee-jerk present was 15°C., and this — 
was also the lowest temperature at which any of our animals were 
still alive. On cessation of respiration the knee-jerk immediately 
Walther stated that the muscles of a cooled animal remain for 
a long time excitable. We find this a very noticeable feature. As the 
temperature falls contraction of the skeletal muscles is more easily 
elicited on striking the muscle sharply. Death, while abolishing the 
knee-jerk at once, does not immediately diminish the response of the 
musele to direct stimulation. After death the muscles are readily 
excited by electrical stimulation of the nerves supplying them, and we 
find that ‘this excitability of muscle through its nerve persists longer 
in’ cooled’ animals than in animals killed rapidly when at their normal 
temperature. 

One of the first reflexes to reappear is the approximation of the eiilich 
when the skin at the inner angle of the eye is gently stroked. This 
occurs at an average temperature of 22° C. 

The application of hot water to the skin of the paws is a very 
efficient stimulus ; its first effect is to quicken respiration, and it does 
this when the rectal temperature is about 22°C. No attempt is made 
to withdraw the limb till the temperature is above 24°C. _ | 
Pinching the skin does not any the tempera- 
“tare is 25°C. 

The pupil does not react to light till the temperature is 24°C, and 
then only very slowly. 

Shivering and rhythmical swimming-like movements of the limbs 
begin at a rather variable temperature, in some animals before the rectal 
temperature is 22° C., in others not till it is 27°C., the average tempera- 
ture of its first appearance being 23'8° C. 

A reflex movement of the ear when the hairs inside it are touched 

is not always present, but when found occurs at an — temperavure 
of C. 

The conjunctival reflex is the last to appear, and that at a fairly 
constant point between 26° and 27°C. 

Voluntary movements and consciousness shortly the 
conjunctival reflex is obtainable. _ 

Co-ordination of movements is not regained till the temperature has 
risen above 30°C. | 

We have compared these results with similar ones obtained from 
cats in recovery from deep ether anesthesia and find that the order of 
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reappearance agrees very closely.. The: knee-jerk is abolished when the 
anmsthesia is deep, but rapidly returns.. The application of heat.to the 
skin. appears to be the most efficient stimulus, and. first causes an acce- 
leration of breathing. The conjunctival is the last reflex to reappear. - 

Cold narcosis compared with the anesthesia produced by. ether 
or chloroform is just as effective, but its application is tedious and not 
unattended with danger to life. The higher centres are the last. to re- 
eover, and therefore probably the first affected by cold, but unless some 
additional form of anesthetic is freely used, a non-hibernating animal 
struggles to maintain its temperature. Walther® employed freezing 
mixtures which gave a very low temperature, and even then found. it 
necessary to restrict: movements as far as possible by artificial means 
in order to bring about a great reduction of the rem aaseanis of an 
animal. 

The persistence of the knee-jerk at. low temperatures on that the 
motor nerve cells maintain a tonic though lessened influence over 
muscle. We have not determined whether the sensory nerves and their 
end organs can similarly transmit nerve impulses at the same tempera- 
ture. Heat is the first sensory stimulus which will evoke reflex action 
when applied to the skin of the paws, but a slight tactile stimulus to the 
skin at the inner angle of the eye produces a response at the same time. 
Thermal and tactile impressions elicit. reflexes at about the same tem- 
perature, viz. 22°C., but not in the same situations; in the limbs a ther- 
mal stimulus is the more powerful of the two. The explanation of the 
loss of the reflexes in cold narcosis is probably ‘tobe found in some 
change in the central nervous system, possibly in the synapses between 
the afferent and efferent paths. ) 


SUMMARY. 


1. The temperature of a cat under deep anesthesia gradually falls 
when the animal is placed in cold surroundings. It is possible for re- 
covery to take place if the rectal temperature has not fallen below 
16°C., but in order to acing. about recovery the cat must be warmed 
artificially. 
_. 2.. When the rectal temperature has fallen to about. 24° C. an 
anesthetic is no longer necessary, the heat-regulating mechanism does 
not assert itself, and the temperature of the animal tends to become the 
same as that of its surroundings. | , 
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3. The skeletal muscles become more irritable as the temperature 
falls, the knee-jerk persists, but gets weaker. 

4. During recovery from cold narcosis the first sali to appear © 
in the cat are, 1, Acceleration of breathing following the application 
of hot water to the paws; 2, Winking of the eyelids on gently stroking 
the skin at inner angle of the eye. These appear when the temperature 
is about 22°C. 

5. When the temperature has risen to 24°C. the heat-regulating 
mechanism begins to assert itself and fine tremors and rhythmical move- 
ments of the limbs appear. The pupil — to respond to light about 
the same time. 

6. The conjunctival reflex is the last to appear, when the tempera- 
ture is 26° or 27°C., and consciousness and voluntary movements return 
soon afterwards. 
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THE EFFECTS OF ACIDS UPON BLOOD. By CHAS, 
E. HAM anp HERMANN BALEAN, 


(From the Physiological Department of the London 
Hospital Medical College.) 


and J. J. R. Mactgop® in their researches upon 
Caisson sickness estimated the carbon dioxide in the blood with 
Barcroft and Haldane’s apparatus. They omitted to expel the 
oxygen with ferricyanide of potassium, and found that the volume of 
the gas liberated by the action of tartaric acid 20°/, was greater than 
the normal percentage of carbon dioxide in the blood would warrant. 
, Thus normal rats’ blood gave values varying from 50 °/, to 63 °/,. 
Investigating this matter Leonard Hill found that some of the gas 
was not absorbed by potash, «.¢. that it was oxygen, thus confirming a 
former observation of Zeyneck ®, which at the time was unknown to 
| 

At Dr Hill’s suggestion we investigated this matter further, and — 
performing a series of experiments, came to see that the amount of 
oxygen given off by acid always bore a constant ratio to that which was 
set free by the action of potassium ferricyanide. 

In carrying out our experiments we used Galdins’ s ferricyanide 
apparatus with a duplicate bottle, so that two samples of cones could 
be obtained under exactly similar conditions. 

The experiment consisted of three parts: 

Part 1. The estimation of oxygen by the ferricyanide method of 
Haldane. | 

Part 2. The estimation of the carbon dioxide liberated by tartaric 
_ acid, after the oxygen had been previously removed in part 1. 

Part 3. The estimation of the gases, carbon dioxide and oxygen, 
liberated in the conversion of oxyhemoglobin into acid hematin, using | 
the same acid as in part 2. 
- The two samples of blood taken were run in the usual way under 
ammonium hydrate solution. 

From a series of the above experiments we found that the amount 
of oxygen liberated by tartaric acid in part 3 always bore a constant re- 
lation to the amount of oxygen obtained by part 1; and that whatever 
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" the saturation for oxygen of the sample might be, half the total amount 

of replaceable oxygen of that particular sample was dissociated by 

The following are some of the results of our experiments performed 

on samples of blood possessing varying saturations of oxygen and carbon 
dioxide, arranged in an ascending scale for the oxygen value. 


L lalf the replace- Carbon oxide obtained 
155 115 395 
1°55 "776 26 ~ *85 
3°7 46 9 
1°65 *825 17 2°5 8 
1°75 . "875 2°3 3°15 "85 
18 9 20 “925 
18 9 1°75. 2°75 10 
18 9 1°55 25 95 
18 9 20 29 3 
18 9 1°55 2°55 10 
1°85 ‘925 3-0 40 1-0 
1°85 925 4:15 105 
1°85 925 8-15 405 9 
19 95 2°5 8°4 9 
19 95 3-2 9 
19 95 2°25 8°2 95 
95 2°85 3-9 1-05 
1 95 2°8 39 10 
1°9 “95 28 38 10 
19. 95 3°76 95 
195 8°3 “95 


It is seen that there is a tendency for the value of the oxygen 
obtained by subtracting the figures in column III from the corresponding 
figures in column IV to be slightly higher than the numbers in column 
’ It, which represent half the total replaceable oxygen. This is due to the 
difficulty we found in getting off all the gas by part 2 of the experiment, 
on account of the precipitate which is formed; there being thus a 
tendency for the numbers in column III to be less than their true 
value. 

Hitherto these experiments had only been performed with 20°/, 
tartaric acid. We now gradually increased the strength of acid up to 
saturation (125 °/,) and still the results were the same. 

The experiments were then performed using other acids in varying 
strengths, and the results were still found to agree with those obtained 
when tartaric acid was the agent used. 

We might add that-the action of acids on CO hemoglobin seems to 
differ from their action on oxyhwmoglobin, in that all the carbon 
monoxide is driven off; but these observations are not yet completed. 

| 21—2 
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It is generally stated® that in the conversion of oxyhemoglobin into 
acid hzematin, methemoglobin is formed at some intermediate stage ; and 
Menzies in a paper in this Journal considers that acid hematin 
is simply a further change in the molecule of oxyhemoglobin. 
He stated that if 10 drops of a 1°/, solution of acetic acid be added to 
a solution of oxyhwmoglobin, partial conversion into methemoglobin 
took place in 24 hours, but the bands of oxyhemoglobin were still well 
marked. If left longer the oxyhemoglobin bands gradually disappeared 
and the band previously seen in the red altered its position, by shifting 
slightly towards the C line; and further this result applied not only to 
acetic acid, but to other acids as well. Now Menzies in the later 
part of his paper mentions that it is almost impossible to be certain of 
distinguishing between acid hematin and methemoglobin by the spectra 
alone ; and in the above case it would be very difficult to tell by the 
action of ammonium sulphide whether methemoglobin had or had not 
been formed, because oxyhemoglobin was present in the original solu- 
tion; and this reduction Menzies states is the only certain distinction 
between methzmoglobin and acid hematin. 

Having found out that in the conversion of oxyhemoglobin into acid 

hematin a definite quantity of oxygen was liberated, we thought it 
might be possible by this method to see if methemoglobin be really an 
intermediate stage. 

We first attempted, by increasing or diminishing the strength of acid, 
to reach a stage:at which all the replaceable oxygen was given off, 
thinking perhaps that if methemoglobin were formed we might obtain 
exactly the same quantity of oxygen as was obtained by the ferricyanide 
method. We were, however, unsuccessful, for by increasing the strength 
of acid no more gas was liberated, and on diminishing the strength less 
and less gas was given off, till we reached a point at which only carbon 
dioxide and no oxygen was set free. Examining the solution by the 
spectroscope at this stage oxyhemoglobin bands alone were found. 

On considering the explanation given by Haldane for the action of 
ferricyanide on blood, and comparing the action of this agent with that 
of tartaric acid, we came to see that we were dealing with a different 
condition of things altogether; for with the former Haldane” says that 
the liberated oxygen is replaced by that obtained by the dissociation of 
acid sodium carbonate by the ferricyanide. With tartaric acid, on the 
other hand, at the stage at which no oxygen is liberated, we simply have 
the action of the acid on the acid sodium carbonate of the blood; and 
when oxygen is liberated we cannot possibly have methemoglobin 

- formed, as there is no source from which the displaced oxygen can be — 
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made good; for it is proved that oxyhemoglobin and methemoglobin 
contain exactly the same amount of oxygen ; and this is borne out by 
spectroscopic examination. 

__.We now have to deal more fully with the spectroscopic analysis of 
the various products obtained in the experiments. 

Haldane and Leonard Hill observed the spectra obtained on 
adding weak acid, and found that the band in the red disappeared on 
adding ammonium sulphide, and the band of reduced hemoglobin 
became visible, thus confirming a previous observation of Menzies. 

The method we found most useful in observing the changes which 
took place immediately on adding an agent, was to flow the agent on in 
such a manner as to form a layer, one of us observing through the 
spectroscope the-change at the line of junction of the two fluids. In this 
way changes could be followed which were so rapid as to be practically 
lost if the mixture could not be observed at the actual time of adding 
the agent. 

It has been already stated that a strength of acid can be found which 
only displaces the carbon dioxide, leaving oxyhemoglobin in solution. 
If now the acid is increased in strength a small quantity of oxygen is 
liberated, and on spectroscopic examination there is seen to be a faint 
band in the red, placed between the position of the methemoglobin and 
acid hematin bands, but more nearly approaching that of acid hematin ; 
there are also present the bands of oxyhemoglobin. If to this fluid 
ammonium sulphide be added, the band in the red disappears and those 
of the oxyhemoglobin give place to the broad band of reduced haemoglobin. 
But more than this; a band will be seen, well defined in outline and in 
the position of the dark band of heamochromogen, to appear with the 
broader one of reduced hemoglobin, at the moment of adding the agent. 

This hemochromogen band rapidly fades, there being then to be seen 
only that of reduced hemoglobin. - 

This we take to be conclusive proof that in the solution examined 
we had a mixture of oxyhemoglobin and acid hematin, but no 
methemoglobin. 

Again, as the acid is increased. in strength so the band in the red 
increases in density; and the oxyheemoglobin bands decrease in intensity. 

The addition of ammonium sulphide to this now shows the charac- 
teristic bands of hemochromogen well defined, with only a faintly 
marked band of reduced hemoglobin; and this blurring due to reduced 
hemoglobin is detected as long as the original solution shows the faintest 
bands in the position of those of oxyhzmoglobin. 

On standing, the hemochromogen bands disappear and the band of 
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reduced ‘hxmoglobin becomes more distinct ; showing that the hemo- 
chromogen ‘has now been ‘converted into reduced hemoglobin. 

Finally, we get a stage at which our constant ratio is reached, 1. 
when half the replaceable oxygen has been evolved. There are then no 
bands to be seen in the position of those of oxyhemoglobin ; only one 
strong band in the réd, which has now widened out towards the ted end 
of the spectrum and assumed the characteristic appearance of the acid 
hematin band. 

Ammonium sulphide added to this solution gives the bands of 
hemochromogen, which pass gradually into the band of reduced 
- hemoglobin, as Menzies has shown. 

On shaking any of the above solutions with air, the spéctrum of 
reduced hemoglobin gives place to that of oxyhemoglobin, and at no 


stage is the band of methemoglobin observed. On standing, reduction 


is again effected by the excess of ammonium sulphide. 
The transition of hamochromogen into reduced hemoglobin can be 
delayed or inhibited by the addition of varying quantities of strong 


ammonium hydrate or strong potassium hydrate. A large quantity — 


inhibits the conversion completely ; at least after 14 days the solution 
still shows the spectrum of hamochromogen. Another interesting point 
is the action of strong ammonium hydrate on acid hematin freshly pre- 
pared from blood by the action of 10°/, hydrochloric acid. The solution 
of acid hematin is placed in a test-tube and strong ammonium hydrate 
floated on so as to form a layer about 1 inch deep. 


The junction of the two fluids is now ‘exainined by the spectroscope, 


and three bands are seen to appear gradually, identical with those of 


the so-called alkali tethzemoglobin bands (which we consider probably 


to be due to a mixture of alkali hxmatin and oxyhwmoglobin). 

On mixing the fluids in the test-tube this change is observed 
throughout. If, however, the acid hematin solution ‘be allowed to stand 
for a considerable time, ammonium hydrate first of all gives only a strong 
broad band similar to that of reduced hamdglobin, but extending into 
the yellow over the area of the alkali hematin band. 

This on shaking with air shows two bands in the position of those 
of oxyhsemoglobin, in addition to a band in the position of that of alkali 
hematin. . But even a solution of acid heinatin, which has been allowed 


to ‘stand, if diluted with distilled water which has been saturated with 


air, gives the three bands at once on the addition of strong ‘ammonium 
hydrate. “At no ‘time was hamochromogen detected, as is the ‘case 


when oxyhzemoglobin is acted on by strong or Solid 
‘caustic potash. — 
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The next point we considered was. the action of certain ‘agents on 


propercd by ‘Schilfejeff’s method. We found that if 
ammonium sulphide were added to this hemin, hemochromogen was 


formed, but did not pass back, at any rate after being left for 14 days, 
to reduced hemoglobin. If, however, globin were added hzemoglobin was 


. rapidly formed ; thus confirming Menzies’ observations. At Hopkins’ 


suggestion we tried egg-white instead of globin, and found that with this 
also the hemochromogen passed rapidly back to reduced hemoglobin, 
and this on shaking with air to oxyhemoglobin; thus showing what 
to us seéms a very important fact, that other proteids can take the 


place of globin in the hemoglobin molecule. 


We have also found that proteoses, peptones, and rystalised 
albumen have not the same power. 

Hematin, according to our experiments, is formed from oxyhseme- 
globin by the liberation of one of its replaceable oxygen atoms. 

Now Laidlaw”, agreeing with Nencki, has given the formula 
C,H,N,O,Fe, for hematin uncombined with the acetyl group; and 


‘this has been conceived to be a union of two hematoporphyrin groups 
‘by means of iron. bases; a formula to represent this we have . 


Fe=°. 


It would thus appear that one of the oxygen atoms in oxyhemo- 
globin is differently combined to the other, i.e. it is more intimately 
attached to the, iron, and further that hematin still contains some 
oxygen linked to the iron, only half being displaced in its formation from 
oxyhzmoglobin by the action of dilute acids. 

This we should expect, from the fact that it requires a stone 
acid to form hematoporphyrin not only from oxyhemoglobin but also 
from hematin, whereas a weak acid readily effects the change in the 
case of reduced hemaglobin (Laidlaw). The reason for this is supposed 
to be that iron linked to oxygen is more stable than iron not so linked ; 
in other words, the presence of oxygen attached to iron much increases 
the difficulty that acids have in removing the iron and forming hemato- 
porphyrin. Again, since one oxygen atom, and.not both, is displaced by 
the action of dilute acids on oxyhsemoglobin in the formation of acid 
hematin, we are justified 1 in. supposing that the particular oxygen atom 
which is dissociated is not linked to iron in the same way as the one 
which is not displaced. Now the effect of dilute acids on oxyhemoglobin 
is not only to set free. one oxygen atom, but also to split off the globin 
radicle, And we have found from experiment that as more and more 
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oxygen is liberated so more and more acid hematin is formed, and 
therefore more and more globin must be split off. But further than 


_ nothing but acid hematin, and therefore all the globin must have been 
dissociated from the oxyhemoglobin molecule. It therefore appears 
that this displaced oxygen atom must bear some definite relation to the 
globin radicle, for it is displaced pari passu with the globin and may 


oxygen atom having both its affinities satisfied by iron. 

The further action of the acid is then to split the bond between the 
oxygen atom and the globin radicle, and combine with the globin, 
forming acid albumen, liberating oxygen in the free state. On this 
supposition the following constitutional formula for oe 
may be given: 

CuHuN, 

“\O—G, 


where G represents the globin radicle. In it we see that both 
oxygen atoms are linked to iron but not in the same way, one being 


more firmly united, and therefore less easily dissociated. It is what we 
expect from its chemical behaviour towards strong and weak acids. 


SUMMARY OF CHIEF CONCLUSIONS. 


(1) In the conversion of oxyhemoglobin into acid hematin by the 
action of acids, half the amount of replaceable oxygen, as obtained by 
the ferricyanide method, is liberated. 

(2) That methemoglobin is not an intermediate stage in the for- 
mation of acid hematin from oxyhemoglobin. 

(3) That other can replace globin in the 
molecule, ; 
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this, when we have displaced half the replaceable oxygen we find 


therefore act as a link between the iron and the globin radicle, the other | 
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OBSERVATIONS ON THE MUNCHI ARROW POISON. 
By ALFRED FROHLICH, MD., Assistant in Experimental 
Pathology, University of Vienna. 


(From the ree Laboratory, Cambridge, and the Pathological 
Laboratory, Vienna.) 


DURING my sale in Cambridge in the summer months of 1904 I had, 
through the kindness of Professor Langley, an opportunity of investi- 
gating the Munchi arrow poison’. I wish to offer my sincere thanks 
to Professor Langley and as well to Mr F. Gowland-Hopkins, 
who never failed in giving his valuable advice on questions of a chemical 
nature. 

The Munchi arrow poison placed at my disposal w was presented to the 
Physiological Laboratory, Cambridge, by Major Alder Burdon, at the 
time Assistant Resident, Lower Benue Province, Northern Nigeria. 
The arrows were taken in action against the Baikorana clan on the river 
Ome, March, 1900. Major Alder Burdon describes the poison, when 
freshly prepared, as being nearly always fatal to man in about half-an- 
hour. As to its method of preparation nothing, so far as I am aware, is 


known. 


It was given to me in the form of poisoned arrows. The arrows have 
a long point with hooks; on this point the poison is plastered in a thick 
layer. It was easy to remove the brittle poison layer from the iron 
point. One gets in this way about 2 grams from each arrow. The 
substance is brittle, of dark-brown colour and a slightly aromatic 
odour. It is insoluble both in cold and warm water; insoluble in ‘75 °/, 


- NaCl solution, in normal saline solution acidulated with acetic or hydro- 


chloric acid, and in cold 95°/, alcohol. It dissolves easily in alkalis, in 
hot alcohol, and in chloroform. 

The solutions of the poison show none sel the usual alkaloid reactions. 

It is not precipitated by tannic acid, phosphor-molybdenic acid, gold 

1 It was necessary for a proper examination of its toxic properties to make some obser- 


vations on the effect of the poison on unanssthetised animals. — 
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chloride, picric acid. Sulphate of copper is not reduced by it in alkaline 
solution. There is no discolouring of the solutions after addition of 
hydrochloric acid. After addition of concentrated sulphuric acid the 
dark colour of the solutions becomes lighter under precipitation of a 
pale yellow substance. No fluorescence occurs with sulphuric acid ; 
when a greater quantity of concentrated sulphuric acid is poured as 
‘a layer under the poison solution, a dark-brown ring is visible at the 
level of contact of the two fluids. There is only a slight reduction after 
prolonged boiling with mineral acids.. 
For the purpose of toxicologic experiments I used a solution of 1 grm. 
original substance in a 100 c.c, of 1°/, Na,CO, solution. After standing 
24 hours a considerable part of the substance dissolves, and forms then 
‘an opaque fluid of dark-brown colour, slight odour and (in consequence 
of the Na,CO, used) distinct alkaline reaction. This fluid is spoken “ 
in the following as solution A. 
To the rest, Which did not dissolve in the first hundred c.c. 2,00, 
solution, a second quantity of 100 cc. 1°/, NajCO, was added, in which 
a further portion of the original substance dissolved with orange colour. 


This second fluid will be spoken of as solution B. The remainder con-— 


sisted chiefly of vegetable débris and remained insoluble. 
‘The action of the solutions of the poison on frogs: la) was 
the following : / 


Exp. 1 9.57 a.m. 0-4 0.c. of solution A is injected in the dorsal lymph sac. 

10.2a.m. frog sits quietly.. Respiration 120 per minute. 

10,9'a.m. shows brisk reflexes. 

‘observation, rises on its hind-legs, tries to climb up the walls of the bell-jar. 

10,15 a.m. its jumps are clumsier : the animal is less able to support its body on its fore- 
legs while sitting, jumps along incessantly, respiration 66 per minute. Reflexes less 
brisk, jumps are less energetic. __ 

10.28 a.m. slows ite hind legs tbe brought into extended postion without withdrawing 
them. 

10.27 a.m. . when turned on its back, turns itself only with difficulty into cenias position. 

10.28 a.m. allows itself to be turned on its back. No respiration. Reflex flexion of the 
extended hind-legs only after strong pinching, accompanied by some returning respira- 
tory movements. Corneal reflex very feeble. Lies motionless on its back. Respira- 
tion only during the rare efforts of turning itself back into the normal position. 

10.29 a.m. motionless. | 

11,5 a.m. pithed. no motion. 


2.80 p.m. is found in extretnely developed rigor mortis. 


Exp. 2. 2.56pm. 05 cc. of solution 4 i injected in the dorsal lymph suo of B. temp. 
8.10 p.m. tries to escape. 


3.20 p.m. movements clumsy, somewhat incoordinated. are often. eld in 
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extetisibm wnd''are no longer withdrawn when brought into extended position. The ’ 
_ frog ‘does not allow itself to be turned over. 

8.24 p.m. pupils very wide, 

p.m. allows itself to be turned on its back ; totally parlysed, shows 
only after very strong stimuli. 

3.80'p.m. no reflex movements, no respiratory movements. 

3.40 p.m. dead. Heart-beat stopped. Ventricle systolic pals, very 
dilated. are ircitable as well as indirectly 
from the nerves. No convulsions. 

4 p.m, nérve muscle preparation the 
nerve and directly, even with strongest faradic currents. All the muscles of the hind- 
legs unirritable, muscles of abdominal walls slightly irritable. Muscles of the throat 
well irritable. 


The lethal poisoning in the frog shows therefore the type of general 
paralysis. The ventricle of the heart suffers first of all, and comes to a 


standstill in systolic contraction. This standstill occurs at a time when 
the poisoned frog behaves apparently quite normally. It sits in its usual 


‘position, shows all reflexes, and jumps away when pinched or otherwise 


irritated. By and by the paralysis takes possession of all striated skele- 
tal muscles without the occurrence of convulsions or fibrillar contractions. 
This complete paralysis takes place first in the muscles of the hind-leg. 
When fully developed the striated muscle fibres are in no way irritable, 
neither when stimulated from the nerve nor when directly, not even 
under the application of the strongest faradic currents. 

The nervous system does not apparently suffer at all. As long as the 
muscle fibres themselves are not affected all reflexes are easily obtain- 
able; sometimes one gets contraction of the M. gastrocnemius after 
faradisation of the sciatic nerve, while the single muscle fibres of the 
same muscle show no sign of irritability when directly stimulated. 

The unstriped muscle fibres do not lose their irritability. — 

The heart comes to a systolic standstill without any noticeable alter- 
ation of the frequency of the heart-beat ; after a time the volume of con- 
traction of the ventricle decreases up to the definite standstill. The 
decrease of the heart-beat occurs partly with the appearance of alterna- 
ting ‘pulse. The auricular contraction is still very marked at a time 
‘whén ‘the ventricular contraction has already much diminished. In the 
further course only contractions of the auricle are visible, finally the 
whole heart stops. | 

Diréct ‘application of the poison on the heart of the frog acts in the 
same way as injection in the lymph sacs. Atropine does not abolish 
the effect of the poison, nor is it possible to counteract its effect on the 
heart ‘even by prolonged infusion with “75 °/, NaCl solution. 
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In the same way the muscles of the frog when painted with the 
poison lose their irritability for the strongest faradic currents. This loss 
occurs under the gradual decrease of the recorded muscle contractions 
and without signs of irritation. 

It may be mentioned as especially noticeable that the paralysis is 
not a flaccid. one but is from the beginning slightly rigid; then it be- 
- comes more and more rigid, and after a couple of hours (much earlier 

_ than in otherwise killed frogs) an extremely marked rigor mortis develops. 
The muscles themselves are of an opaque appearance as if coagulated. 

In the same’ paralysing manner the poison acts on the ciliary 
movements. This experiment was performed with Dixon’s ingenious: 
apparatus for recording the ciliary movements. Monocellular organisms — 
like Opalina ranarum die after a short time when brought -into the 
poison solution. 

We have, therefore, in the Munchi arrow poison, to deal with a toxic 
substatice which paralyses in first line the heart and the striated skeletal 
muscles in the frog; considering the just mentioned action on ciliary 
movements and on infusoria it acts in some ways like a general proto- 
plasmic poison. 

The toxicity of the solution A tested on — was wp 
following : 


05 cc. kills a frog in 44 minutes. 


01 ce. = »  Lhr. 30 mins. 

001 cc. » 50 


The minimal lethal dose for Temporaria corresponds (in consideration 
of the fact that of 1 grm. original substance only ca. 0°05 grm. dissolve in 
a 100.cc. of 1 °/, Na,CO, solution) to a quantity of 0-05 mg. original 
substance. 

Solution B was far less toxic. 0°25..c. was needed to kill a frog in 
40 minutes. The symptoms observed were identical with those of 
solution A. : 

Of course control injections with the 1°/, Na,CO, solution without — 
the poison were tried and showed themselves, as was to be 1 aoa 
absolutely harmless. 

It was noteworthy that after standing three weeks at room tempera- 
ture the solution A decomposed with the appearance of a greenish colour 
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and a foetid odour, but without loss of toxicity. Ole. of the decom- 


posed solution killed a frog promptly. The decomposed solution gave 
no proteid reactions and did not reduce. 


Heating of the poison solutions was of marked influence on their 
toxicity. Solution A lost after heating for two hours in the water-bath 
much of its toxicity. lc.c. of solution A diluted with 2 volumes of 
water was after boiling harmless for a frog; and 2-c.c. of the similarly 
boiled solution B injected under the skin of a frog did not cause death. 

In warm-blooded animals the poisoning occurs much quicker than in 
cold-blooded; in these animals also the paralysing properties of the 
substance dominate. 


Exp. 3. 5.28 p.m. Small rabbit. A small granule of the poisonous substance was placed 
through a small incision under the skin and then 1 c.c. 1°/, Na,CO, solution was sub- 
cutaneously injected at the same place. 

5.88 p.m, trembling, tossing of the head in a vertical plane; the animal presses ite head 
between its front legs. 

5.38 p.m. unable to stand on its legs, lies down, makes in vain efforts to rise. 

5.39 p.m. only a few convulsive respiratory movements. Standstill of the heart. 
Autopsy. R. ventricle dilated. L. ventricle in moderate systole, not at all rigid. The 

skeletal muscles as well as the unstriped muscles well irritable to faradisation. 


As an example of the toxic effect on the heart of mammals the © 
following experiment may be given: 


Exp. 4. Dog of medium size, morphia-ether narcosis. Pulse 78 per minute. Pressure 
142 mm, Hg. The right vagus effective on the heart at a distance of the secondary coil of 
15 cm, A freshly prepared solution of 0°01 grm. original substance in 1°/, Na,CO, is 
injected in the jugular vein. 

After a few minutes bradycardia. Vagus pulse. The inhibitory effect of the vagus nerve 
on the heart by faradisation rapidly diminishes; after a short time no effect even with 
strongest currents. Suddenly the vagus pulse disappears, followed by a marked rise of the 
arterial pressure and then by very frequent and small beats (192 per minute at a pressure 
of 260 mm. Hg.). Respiration quick and superficial. While the respiration continues the 
arterial tension gradually decreases and the heart comes to a standstill. No convulsions. 
Respiration lasts longer than the heart action. 

Autopsy. Left ventricle in a moderate systole, not rigid. Right ventricle widely 
dilated. 


The rapid decrease and the final total loss of the direct irritability of 
the striated skeletal muscles in the poisoned frog as well as the above- 
mentioned early inset of rigor mortis made me suppose that through the 
action of the poison, alterations of a chemical nature in the proteid 
substances of the muscles might be produced. 

In order to detect such alterations, if present, 6 gastrocnemii of 
normal frogs were chopped and ground up in a mortar with pure sea-sand 
and “75 °/, NaCl solution, and in a second mortar 6 gastrocnemii of frogs 
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killed by the subcutaneous injection of the poison.. In the latter case I 
waited until the direct irritability of these muscles was lost even to 
the strongest faradic currents. Then the muscle mass was filtered ; after 
1 hour standing-the filtrate was in both cases diluted with °75°/, ‘NaCl 
solution up to the total quantity of 30 c.c. and the coagulation ised 
ture of the filtered fluid in both cases was determined. — 

_ The beginning of the coagulation set in, 

(1) in the normal muscles between 53 and 54°C. 

(2) in the poisoned muscles between 50 and 51° C. 

Then the remainder was in both cases extracted on the filter with 
15 cc. of 5°/, NaCl solution. In the normal muscles the filtration was 
much quicker and more opaque than in the poisoned muscle, which 
- latter filtered almost clear. The reaction against litmus was neutral i in 
both cases. 

Coagulation temperature of the extracts with 5°/, NaCl solution: 

(1) in the normal muscle at 71°C. filamentous coagulation, at te 
dense coagulation. _ 

(2) in the poisoned muscle at 78° C. filamentous coagulation, at 80°C. 
distinct but slight coagulation. 

_ A second similar experiment showed a difference of 10°C. between 
the two extracts. Coagulation of the extract with 5°/, NaCl solution 
began in the normal muscle at 65° C._—in the poisoned at 75° C. 

In order to examine the action of the poison on the myosin of the 
muscle plasm, two frogs were infused from a cannula tied in the aortic 


bulb, first with Ringer's fluid, then with ‘75 °/, NaCl solution, and so the 


blood entirely washed out. Then the muscles of the hind-legs were 
freed from the bones and squeezed in a little press under high pressure. 
To the muscle plasm thus gained (following V. Fiirth’s procedure) 
a saturated solution of sulphate of ammonium was added in the propor- 
tion of 1°5 c.c,:2 cc plasm. This produced a precipitate which was 
filtrated out. The precipitate remained on the filter and was washed 
with sulphate of ammonium, pressed between blotting-paper and then 
the precipitate removed by means of a glass rod and dissolved in °75°/, 
NaCl solution.. This solution (containing myosin) became coagulated 
on boiling. To this solution the Munchi poison solution was added, but 
no coagulation resulted, not even after 24 hours’ standing. Ina second 
similar experiment, which was done with the muscles of four frogs, the 
fluid containing the myosin after addition of the Munchi poison showed 
after 48 hours’ standing in a cool place an opalescence arhich was not 
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precipitated. Therefore, a of the on the male, 
plasm. could not be detected. 

The quantitative N estimation after Kj eldah! gave.no difference 
between the N contained in the normal and the poisoned muscles; - 
_ Although the above-mentioned marked difference in the coagulating 
temperature of the saline extracts of the muscles points to a chemical 
alteration of the striated muscle fibres, I am sorry to say that I have 
been unable to analyse the nature of these alterations. Finally, I tried 
to isolate out of the rest of the poison (of which I naturally could - get. 
only small quantities) the active principle, or to. get it in a waed | 
condition. The mode of procedure was the following. 

‘10. grm. of the original substance was extracted: in the Soxhlet 
apparatus at a temperature of 97°C. with 150 ¢.c. absolute alcohol, until 
the extracting alcohol became no more coloured. Then this alcoholic 
extract was evaporated in vacuo, dissolved again in hot alcohol, and again: 
evaporated on a water-bath at low temperature. The remaining sub- 
stance was a yellow-brown homogeneous mass of aromatic, not at all 


disagreeable odour and acid reaction. Even under the microscope this 


remainder was seen to be = homogeneous ; no crystals were visible 
in it, | 
A minute trace of this remaining substance was dissolved in’ 3 */ 
Na,CO, solution and diluted with ‘75°/, NaCl solution up to a concentra- 
tion corresponding to a 1°/, Na,CO, solution. 3 
1 cc. of this extremely diluted solution killed a large frog in 15 
minutes; 02 c.c. killed a frog in 15 minutes. Therefore the active 
principle was contained in the remainder of the alcoholic extraction in 
a very high toxicity. , 
In the Soxhlet apparatus as inextractable by alcohol a brown brittle 
mass remained, which dissolved partly in Na,CO, solution. The toxicity 
of this latter solution was slight: 2 c.c. killed a frog after three hours. 
For the purpose of further isolation of the toxic principle the 
extremely toxic remainder of the alcoholic extract was dried after evapo- 
ration of the alcohol and dissolved again in a small quantity of absolute 
alcohol; then a quantity of distilled water was added. A copious milky 
precipitate of pale yellowish colour resulted. This precipitate was in the 
form of a fine emulsion and showed no sedimentation after 24 hours’ 
standing, and could be filtered with great difficulty only. The whole 
resembled @ resinous emulsion. The filtrate of this emulsion was finally 
clear and very toxic. 0-2 cc. killed a frog in 15 minutes. 7 
Of the 10 grm. original substance after careful ex ion in hot 
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alcohol 0°48 grm. dissolved. I tried in vain to get ner out of this 
solution; even after repeatedly redissolving in alcohol and chloroform — 
(in which latter it dissolved with greatest ease) no crystals could be 
gained. After total evaporation of the alcohol by room: ‘temperature 
and absolute drying over sulphuric acid the remainder changed into an 
amorphous mass of brownish colour, which showed no crystals under the 
microscope. The repeated dissolving and re-evaporating had the effect 
that a part of the previously easily soluble substance lost its solubility in 
alcohol and chloroform. 

Here it may be mentioned that the alcoholic solutions of the purified 
substance showed no rotation of the polarisation plane. | 

A saponification experiment took the following course. The dried 
and purified alcoholic extract of brown-yellowish colour, aromatic smell, 


and glutinous consistence- was boiled with a NaOH solution for one 


hour and afterwards filtrated back with & io H,SO, This gave @ minus 


of 7°5 cc. 7H x 5 NaOH for 317 mg. substance, corresponding to 32°6 mg. 


Na per this points to a substance of very molecular 
weight. 

As to the nature of the toxic principle itself, I am of opinion, in view 
of the properties which I have described above, that it belongs to the 
class of resinous acids. 

Further, it seems to me highly probable that this resinous acid 
represents in itself the toxic principle and is not simply the carrier of a 
second toxic substance, é.g. an unknown alkaloid. No alkaloid reaction 
could be obtained, no crystals could be gained, and the poison unlike 
nearly all alkaloids was insoluble in water’. 


* It is well known that strophanthin and antiarin destroy the irritability of striated 
muscles ; but both of these are soluble in water. The Munchi poison, moreover, did not 
give the characteristic reaction of strophanthin (splitting into sugar and strophantidin, green 
colouring after addition of concentrated sulphuric acid). 
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ON THE CHEMICAL SPECIFICITY OF PRECIPITINS. 
By ANDREW HUNTER, M.B., Crichton Research Scholar. 


_ (From the Physiological Laboratory of the University of Edinburgh.) 


ON THE CHEMICAL SPECIFICITY OF PRECIPITINS. 


THE antibodies known as precipitins were first discovered in 1897 by 
Bordet™. He treated rabbits with repeated injections of cows’ milk, and 
found that in time the serum of the animal treated gained the property 
of precipitating milk, even in extreme dilutions. The precipitation was 
attributed to the action of an antibody similar to, and arising in much 
the same way as, the already well-known agglutinins and hemolysins, 
Soon afterwards similar precipitins were obtained by injections of blood 
sera, white of egg, hemoglobin, and many other proteids. 

The most remarkable character of this reaction was shown by 
Wassermann® to be its specific nature. The serum got by injection 
of, say, ox-serum would precipitate the serum of an ox, but (within 
limitations) no other serum ; not the serum of the horse, or the dog, 
or the guinea-pig. Within limitations, for though the specificity was at 
first believed to be absolute, it was found later to be only relative. The 
precipitin for ox-serum will act also against the serum of such a closely 
related animal as the sheep, though in a very much less powerful degree ; 
the precipitin for dog-serum will precipitate to some extent the serum of 
the fox, and so on. In short, this sort of relative specificity was found to 
be the general law, a law which has been made use of by Nuttall as the 


. basis of a very extensive research into the blood relationships of a large 


variety of animals”, 

The kind of specificity here involved may be termed biological. But — 
there is another sense in which a precipitin may exhibit a specific 
affinity for the substance to which it owes its origin. We can obtain 
precipitins not only for such complex proteid mixtures as blood serum, 
but also independently for each of the individual proteids of which it is 
compounded—for the albumin, the euglobulin, and the pseudoglobulin 
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(and even for separate fractions of these). It becomes a question, then, 
whether these precipitins possess not only a specific action in relation to 
the species of animal yielding the injected proteid, but also a specific 
action in relation to the chemical species of the particular substance 
employed. This we may call chemical or molecular specificity. | 

This question of chemical specificity cannot be regarded as at all 
settled. Indeed no two observers have hitherto reached exactly the same 
conclusion on this point. The problem was first attacked by Nolf. 
He prepared solutions of serum globulin and serum albumin, injected 
- them into rabbits, ‘and found that the one which received albumin 
produced no precipitin; while the one which received globulin formed 
@ precipitin, that precipitated only globulin, and not albumin. 

_ But other workers have obtained precipitins for albumin. Leblanc“ 
injected separately the euglobulin, pseudoglobulin, and albumin of horse- 
_ serum, and obtained for each a precipitin, which was in the highest 
degree specific. On the other hand, Michaelis and Oppenheimer® 
found that while anti-globulin' (ox) precipitates only globulin, anti- 
albumin precipitates both albumin and globulin. The same result is 
obtained by Landsteiner”™. Linossier and Lemoine® obtained 
with both albumin and globulin an antiserum which was more active 
in regard to globulin. Lastly, Rostocki™ injected crystallised albumin, 
uncrystallised albumin, three fractions of pseudoglobulin, and euglobulin. 
He got for each an antiserum capable of precipitating all the above 
substances equally well. 

Here we have every possible gradation of opinion, and it seemed 
worth while to investigate the problem once again. Accordingly, in the 
spring of 1903 I made a series of investigations on the precipitins for the 
proteids of ox-serum; the results then obtained have been confirmed by 
a fresh set of experiments during the past winter ; and I now feel some 
confidence in publishing them. 


PREPARATION OF THE SEPARATE PROTEIDS. . 


From ox-serum were prepared solutions of pure albumin, pure 
globulin, and the fractions of the latter known as pseudoglobulin and 
euglobulin, The method of obtaining these is important. It is . 
obviously essential not to use any procedure which may alter the nature 
_ of the original native proteids. Nolf, who failed to obtain a precipitin 

1 “Anti-globulin” is a convenient term for the antibody or precipitin obtained by 
injecting globulin ; “‘anti-albumin” is coined on the same principle. And anti-ox-serum 
otmatlnaty is the precipitin for the serum of the ox. 
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for albumin, obtained globulin by saturation with mag. sulph., and. then 
albumin by addition of 10°/, acetic acid. Now Michaelis and 
Oppenheimer have shown that such addition of acid is distinctly 
prejudicial to the power of producing precipitins. The only method 
which, according to our present knowledge, leaves — absolutely 
unaltered is that of “salting out.” 

500 c.c. of fresh ox-serum were mixed in the first place with 213 c.c. 

of saturated ammon. sulph. solution. This precipitated all traces of 
fibrinogen. After filtration, the globulin was thrown down by addition 
of ammon. sulph. to half-saturation. 
_. Albuman. The globulin being filtered off, the filtrate was now 
saturated with ammon. sulph. The precipitate of albumin was washed 
repeatedly with saturated solution of ammon. sulph. It was then re- 
dissolved in half-saturated ammon. sulph. (traces of adherent globulin 
remaining undissolved). The solution, after thorough filtration, was re- 
precipitated by ammon. sulph., and the previously described processes 
were repeated three or four times. The final solution was dialysed ; and 
we now had a solution of albumin presumably free from globulin. To 
make doubly sure it was subjected to yet another operation, that of 
saturation with mag. sulph. A slight cloudiness which appeared pointed 
to the presence even yet of some traces of globulin. This was filtered 
off. The mag. sulph. was removed by dialysis, and the solution evaporated 
at 40°C. to convenient bulk. It is difficult to imagine that it could now 
contain even a trace of globulin. 

Globulin. The original globulin precipitate was washed with half- 
saturated ammonium sulphate and redissolved in ordinary water. A 
second and third precipitation were carried out in the same way. The 
final washings contained no proteid; all albumin had therefore been 
washed away. Ammonium sulphate was removed by dialysis, and suffi- 
cient NaCl added to bring all the globulin again into solution. 

Fractions of Globulin. A portion of the globulin solution was dialysed — 
for 16 days, first against tap water, and then against distilled water. 
From day to day the euglobulin which fell out was removed, washed 
thoroughly in distilled water, and dissolved in normal saline (if left long . 
in the dialyser it: became insoluble), This was the euglobulin employed. 
The fluid remaining after dialysis contained the pseudoglobulin. A 
sample which was dialysed for a week longer yielded no further euglo- 
bulin. The pseudoglobulin was thrown out of the solution by saturation 
with ammonium sulphate, redissolved in a small bulk of water, and 
finally dialysed again to remove the ammonium sulphate. 
22—2 
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There were thus obtained solutions of albumin, “globulin,” pseudo- 
globulin, and euglobulin. The amount of proteid in each was determined 
by the method of Devoto, as described by Hopkins™. The bulk of 
the solutions was then so adjusted, that each contained 1°5 °/, of proteid. 
Finally (and this is very important), sodium chloride was added to the 
extent of *75°/,, and the solution was rendered mildly alkaline by a small 
addition of sodium carbonate. Unless these points are attended to, 
Rostocki has shown that the solution may completely fail to produce 
precipitins. This may explain the negative results of some observers. 

The animals employed for the immunisation were mature rabbits of 
from 1500 to 2400 kilos. The amount injected was usually 10 cc. 
(= 15 grm. proteid), and this was administered at intervals of from 4 to 
7 days. About 7 injections were found sufficient to yield a highly 
active serum. Thus each animal received altogether about 1 grm. of 
proteid over a period of about 30 days. The injections were all made 
intraperitoneally. The animals were killed from 5 to 7 days after the 
last injection, and the serum obtained from them was preserved by 
chloroform or thymol. 

In this way antisera were obtained for albumin, pseudoglobulin, and 
euglobulin, as well as for complete ox-serum. 

Each serum was found to possess a high degree of precipitating 
power. Thus, ¢.g., if 1 vol. of the serum for pseudoglobulin were added 
to 4 vols. of a 1 in 100 dilution of pseudoglobulin solution, a very distinct 
cloud formed at once, and an obvious precipitate appeared in 10 minutes. — 
Similarly, an anti-albumin serum tested under the same conditions 
against albumin gave immediately a faint cloud, and a distinct precipi- 
tatein 1 hour. Evuglobulin yielded a serum which was intermediate in 
activity between the other two. 

The relative precipitating power of these several antisera will be still 
farther illustrated in the tables which follow. But it is worth while to 
note here as a parallel circumstance the behaviour of anti-ox-serum 
towards the three. individual proteids we ‘one considering. This is 
shown in the following experiment. 


Eup. I. Rabbit received 5 doses of ox-serum of 10c.c. each. Killed seven days after 
last injection. Its serum mixed, in the proportion of 1 in 5, with solutions of albumin, 
about “075%, of proteld. (This 
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A.l E. P, 
5 min. el. cl. 
45 mins. p. 
4 hour p. 8. p. 
4 hrs. el, 8. DP. ” 
20 hrs. 8. p. 
+ ++ +++ 


Anti-ox-serum, which contains presumably precipitins for all these 
proteid constituents, precipitates accordingly, as we should expect, each 
one of them; but while pseudoglobulin is precipitated readily, albumin 
is so with difficulty, and euglobulin as before occupies an intermediate 
place. 
Each, then, of the three proteids we are specially considering has the 
power, in a greater or less degree, of producing a precipitin. The next 
question is how far each precipitin is specific in its action,—how far, 1.., 
its power of precipitating is limited to the particular proteid which gave 
rise to it. This was investigated in the following. way. The original 
solutions of albumin, euglobulin, and pseudoglobulin were used in dilu- 
tions of 1 in 20, 1 in 100, and 1 in 1000. The dilutions were made © 
with normal saline; they contained respectively ‘075°/,, ‘015°/,, and 
‘0015°/, of proteid. For comparison dilutions were also employed of 
ox-serum, and of total globulins. Each of the five was tested against 
each of the three precipitating sera, the latter being added in the 
proportion of 1 in 5 of the mixture. The results are shown by the 
following typical experiments. 

Emp. II. Pseudoglobulin antiserum from a rabbit which had received 7 injections, 


containing each -15 gm. pseudoglobulin; killed 5 days after last injection. Dilutions 
of 1 in 20. 


8. G. P. E. A. 

Immed. v. d, el. d. d. el. f. cl. 0 
15 mins. i“ v. d. el. f. p. v. d. cl, 0 
20 mins. p. 0 
Lhour 8. 8. Dy 0 
8 hrs. 8. p. v. f. cl. 


1 Explanation of contractions : 
S.=serum. ol. = cloud. 
@.=total globulins. v. ol.=very faint cloud. 
A. =albumin. p.= precipitate floating. 
E. =euglobulin. 8. p.= precipitate settled. 


P. = pseudoglobulin. 
~ The number of +'s indicates roughly the relative bulk of the settled precipitate. 
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The only respect in which pseudoglobulin antisera varied much was 
in their behaviour towards albumin; some precipitated it rather more 
readily than in the above instance; only one failed to precipitate it at 
all even after 24 hours; but it seems certain that if the antiserum is 
sufficiently strong it has a definite effect on albumin as well as on the 
globulins. Michaelis and Oppenheimer, however, are of the contrary 
opinion. The conclusions drawn from the above experiment are : 

1st: That “anti-pseudoglobulin” is a very powerful precipitin. 

2nd: That it acts most readily on pseudoglobulin; with somewhat 
less activity on euglobulin ; and also slightly on albumin. 


Eap. IIT. Anti-euglobulin serum from a rabbit which had received 7 injections, each 
Dilutions of 1 in 20. 


E. P. 
Immed. ok 0 f. ol. f. ol. 
20 mins. v, 4. ol. - f. ol. v. d. ol. d, cl. 
1 hour p. p. ” Pp. v. d. cl, 
Shours & Pp. ” 
6 hours ” 8. p. ” 8. Pp. 
+ +++ + 
The precipitates were none of them so bulky as in Exp. II. Dilutions of 1 in 100 and 
1 in 1000 gave the same results. 


Michaelis and Oppenheimer thought that anti-euglobulin did 
not precipitate albumin; but in no case have I found it to fail; and 
according to the method of preparation there can be no question of the 
purity of the euglobulin employed, for it can be washed free of any 
possible trace of albumin by means of distilled water alone. 


CoNCLUSIONS. 
1st: Anti-euglobulin is not 80 rapid or complete in its action as 
anti-pseudoglobulin. 
2nd: It precipitates most readily euglobulin, and somewhat less 
readily pseudoglobulin. 
sea It also precipitates yee! but much less rapidly and com- 


Ezp. IV. Anti-albumin serum. From a rabbit which received 4 doses of 
1 of bole Killed 6 days after the last injection. 


8. G P. A. 
0 v. fol. 0 0 
15 mins. v. f. cl. f. cl. v. f. cl. 
1 hour el. el. p. el, cl. 
13 hours p p. 8. p. d. cl. d. ol 
84 hours 8. p. 8. p. p. 
6 hours PA 8. p. 8. p- 
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From this it would seem that anti-albumin acted most powerfully on 
pseudoglobulin, as stated by Linossier and Lemoine; but this appears 
to depend on the degree of dilution. This is shown by the two following 
experiments, where the proteids were diluted 1 in 100 and 1 in 1000, 
other conditions being unaltered. 


Exp. V. Dilutions of 1 in 100: 


P. BE A. 
Immed. fol, f. cl. f. ol, 
20 mins, el. d. cl. 
1 hour Pp. el. 8. p. 
6 hours 8. p. 8. p. 

++ + +++ 

Eap. VI. Dilutions of 1 in 1000. 

P, A. 
Immed. f. ol. Ra: el. 
15 mins, ‘ ” ” ” 
1 hour p- Pp. 8. p. 
5 hours 8. p. 8 p. ” 

: + ++ +++ 


Comparing the above three tables, we conclude : 

1st: That anti-albumin is a moderately powerful precipitin. 

2nd: That in the conditions most favourable to its activity it 
precipitates most powerfully albumin. 

3rd: That it also acts on pseudoglobulin and euglobulin. 

Collecting the above results, and remembering that precipitation 
implies the combination of a substance with its antibody, we feel 
entitled to draw the following general conclusions: 

ist; That the precipitins of albumin, euglobulin, and pseudoglobulin _ 
possess no absolute chemical specificity. This means, either that the 
antibodies themselves can combine with more than one substance, or 
(what is shown later to be more probable) that one substance may 
produce several antibodies, some of which are also produced by other 
substances, 
2nd: That there is, however, a relative chemical specificity ; in the 

sense that each proteid produces an antibody (or group of antibodies) 
which, in given circumstances, combine with it more readily than with 
other proteids. 

3rd: That, therefore, it is probable that the sachnid of serum can 
yield at least three distinct antibodies corresponding singly, or in groups, 
to the three proteids experimented with. 

So far as Experiments II. to VI. go, the last inference remains a 
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probability only. But that there are at any rate two quite different 
antibodies concerned can be shown conclusively in the following way. 

Eap. VII. Two test-tubes (a and b) were taken. In a were placed 6 parts of a 1 in 
20 globulin solution; in b, 6 parts of a 1 in 20 albumin solution. To each was added one 
part of anti-ox-serum (containing all possible antibodies). In each was produced a heavy 
precipitate. After 20 hours the supernatant fluid was pipetted off; and it was first deter. 
mined, whether all the precipitin capable of combining in either case had been used up. 
This was done by testing a sample of the supernatant fluid, against more globulin in the 
case of a, and more albumin in the case of b: No further precipitation took place in either ; 
a therefore contained now no “ anti-globulin,”’ and } no “ anti-albumin.” The remaining 
supernatant fluids were now placed in test-tubes, and there were added 

toa, some albumin solution (1 in 10), 
to b, some globulin solution (1 in 10). 
Result after 20 hours: a=no precipitate, 7 
precipitate. 


snoceunin: therefore, after the removal of everything g which would 
precipitate albumin, could still precipitate globulin. But after combin- 
ing with globulin it has lost all precipitating power. It must contain, 
therefore, at least two antibodies, only one of which combines with 
albumin, while both combine with globulin. 

The method of analysis adopted in this experiment can be extended 
to the other simpler antisera which we have employed. And when this 
is done it leads to important results. 

The most widely accepted explanation of the production of anti-— 
bodies is contained in the “side-chain theory” of Ehrlich. On this theory 
the substance caught by the receptor in the case of precipitins is not a 
toxin but the foreign proteid injected. It has been introduced in such a 
way as to escape the ordinary preliminary changes produced by digestion 
and absorption. Its assimilation interferes therefore with the normal 
metabolism of the molecule to which it is linked. Hence, in being assimi- 
lated it leads to the production of antibodies, namely precipitins. : 

Now, if each variety of serum proteid (albumin, euglobulin, etc.) had, 
as generally assumed, one haptophore group adapted to one receptor, 
then it ‘would follow that the precipitins arising would be strictly specific. — 
Each would be adapted to combine with the substance producing it, and 
with that only. This, we have seen, is very far from being the case. 
But we are not compelled to suppose that a proteid molecule has only 
one haptophore ; it is just as easy to imagine that it may have several, 
each adapted to a different receptor. This indeed appears extremely 
probable; for though toxins appear to have only- one, they are much 
simpler bodies than serum proteids ; and, further, proteids enter largely 
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into the constitution of the protoplasmic molecule, which, in order to 
account for the many known varieties of antibody, must itself be supposed 
_ to possess an innumerable array of receptors. 
| If we assume, then, that serum proteids have more than one 
haptophore, the precipitins which they give rise to would be mixtures 
of free receptors. This hypothesis would account for their want of 
chemical specificity. . 
The experiments to be mentioned now were devised to test the 
_ validity of this conception, and to determine how far it was possible to 
_ form an idea of the actual number and arrangement of the haptophore 
groups, which it supposes albumin, euglobulin, and pseudoglobulin 
severally to possess. The method is an extension of that already 
adopted in Experiment VII. ; 


Eap. VIII, Each of the three precipitating sera was allowed to react, as far as it 
would, against each of the three precipitable proteids; and it was then determined whether, 
in any case, there remained any power of precipitating the other two. For example, anti- 
_ albumin serum was mixed in three test-tubes with excess of albumin, of euglobulin, and of 
pseudoglobulin (4 parts of 1 in 20 proteid plus 1 of antiserum). After 24 hours at 40°C. 
the supernatant fluid of each test-tube was divided into three portions. One was tested, 
as a control, against the original proteid of the mixture; if no further precipitation 
_ occurred, the reaction was assumed to have reached an end. The other two portions were 
then tested against the two remaining proteids. 

The same was done for anti-euglobulin, and anti-pseudoglobulin sera. The results are 
shown in the table. (Controls in brackets.) 


Anti-albumin after action on albumin gave with 

(1) 
33 euglobulin 99 
” pseudoglobulin ,, 


Anti-euglobulin after action on albumin gave & 
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Anti-pseudoglobulin after action on albumin (A. 0) 


” euglobulin ” 
| pseudoglobulin ” 


The significant results have been numbered for convenient reference. They have been 
obtained again and again in repeated experiments with different sera, and different dilutions 
of proteid. Those numbered (18) and'(14) were always the most striking, and never failed ; 
(7) and (16) were also obtained in every instance; so were all the negative results; (8) and 
(12) failed to come off in one instance each, but in one instance only. 


The following deductions are drawn regarding the composition of the 
three sera : 

1st: Since sialic) is deprived completely of its activity by all 
three proteids, it must correspond to a single haptophore group which 
iscommon-toall. In other words, it contains but one antibody, which 
we should expect to find, and do find (as shown by these precipitating 
albumin) in the other two antisera also. We shall denote this antibody 
by the letter “a,” and the group in the proteids with which it combines 
by the letter “A.” 

2nd: Result (12) shows that anti-euglobulin contains an antibody 
which is not used up by pseudoglobulin ; this cannot be “a,” call it “b” 
and the corresponding group of euglobulin “ B.” 

3rd: Result (8) shows that anti-euglobulin after being deprived of “a” 
only, still contains something which can combine with pseudoglobulin ; 
“b” does not do so; it must be a third antibody, “c,” corresponding to 
@ group “0” which must be contained by both euglobulin and 
pseudoglobulin. (The result (7) may be due to either “b” or “c” 
or both.) 

4th: The presence of this common group “Q” is also shown by (13), 
where anti-pseudoglobulin, deprived of “a,” still precipitates euglobulin ; 
this must be due to the antibody “¢,” for anti-pseudoglobulin does not 
contain “6,” 

5th: Result (16) shows that anti-pseudoglobulin besides “a” and “c 
contains also a third body which is not removable by euglobulin. Call | 
this “d”; it will correspond to a group “ D” present in pseudoglobulin, 
but shinat from euglobulin. 
Collecting these deductions, we see demonstrated the existence : 
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(1) of an antibody “a,” present in all three antisera, 

(2) of an antibody “5,” present in anti-euglobulin only, 

(3) of a third antibody “d,” present only in anti-pseudoglobulin, 

(4) of a fourth “c,” contained by both anti-euglobulin and anti- 


pseudoglobulin. 
Or stated otherwise : 
Anti-albumin contains one antibody a. 
Anti-euglobulin 4 three antibodies a, 3, c. 


Anti-pseudoglobulin » three a, 6, . 

And if we consider the proteids giving rise to these satibiodies,: w we 
see that: 

(1) Albumin has one haptophore group A. 

(2) Englobulin groups A, B, 

(3) Pseudoglobulin ,, three ,, A, 0, D 

The ideas which we have thus reached regarding the antisera, 
and the proteids giving rise to them, can be further tested through 
applying the same method to the anti-serum obtained by injecting the 
fresh serum of the ox (anti-ox-serum). This anti-serum will of course 
contain all the possible antibodies. 

Eap. 1X. Anti-ox-serum was mixed with excess of each of the three proteids ; and by 
controls it was determined that the latter were precipitated to the full extent possible. In 
each case the supernatant fluid was then tested for precipitating power against the remain- | 
ing two proteids. 


Result: Anti-ox-serum after A. E, 
Tested against A. — 
“ae ++ 


++ 


‘This is exactly the result that would have been predicted by 
supposing anti-ox-serum to contain the four bodies a, b, c, d. Albumin 
removed a, leaving b, c, to precipitate euglobulin, and c, d, to precipitate 
pseudoglobulin (and it may be noted here that removal of “a” makes 
less difference to the precipitation of P. than of E.). Euglobulin re- 
moves a, b, c, leaving d, which precipitates only pseudoglobulin. 
And pseudoglobulin removes a, c, d, leaving 6, which — 
only euglobulin’. 

1 It must be allowed, however, that to 
only to assume three ne thus: 
anti-albumin =a, 
anti-euglobulin=a, b, 
anti-pseudoglobulin =a, d, 
dite to imagine eprint cul be det the orth body 
¢ in the mixture of all four. . 
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Of course A, B, 0, and D may themselves be susceptible of still — 
. farther analysis. They may represent not single side-chains of the 
proteid molecules, but whole groups of side-chains, 
- Or, again, supposing them to be single side-chains, the molecule may 
- possess not only one, but quite a number of each; and the group A, ¢g., 
may be present in quite different proportions in albumin and pseudo- 
globulin. There is a good deal to suggest this idea. Thus we observe 
(see Exp. VIII, 13, 14) that the precipitating power of anti-pseudoglobulin 
(a, c,d) is little reduced by the removal of a; while that of anti-euglobulin 
(a, b,c) is in comparison considerably affected (see 7,8). Pseudoglobulin, 
therefore, would seem to yield less of a than does euglobulin; and 
therefore to contain less of A. The same thing is shown in Exp. IX., 
where anti-ox-serum, after removal of a by albumin, acts moderately on _ 
euglobulin, but. very strongly still on pseudoglobulin. 
It may be worth while pointing out, before leaving this part of the 
subject, that the notions reached above correspond closely with already 
received views regarding the relative complexity of albumin and 
globulin. Albumin appears in these experiments as a much simpler 
body than either of the globulins ;:and if we admit the hypothesis of 
the last paragraph, pseudoglobulin appears to be rather simpler than 
euglobulin. All the other — of these bodies lead to much the. 
same conclusion’. 


_ BEHAVIOUR OF THE LEUCOCYTES IN PRECIPITIN FORMATION. 


Observations were made in ten rabbits on the behaviour of the 
leucocytes during the appearance of precipitins. The importance of this 
is obvious when we remember that precipitin formation is the outcome 
of a special process of assimilation; that the leucocytes undoubtedly 
_ play an important part in digestion and assimilation of food; and that 
they have had assigned to them also a great réle in all immunising 
processes. 

The counts were made almost daily by a Thoma hemocytometer. 
In the selected rabbits all injections were made with more than usual 
precautions regarding asepsis, the injected solutions being sterilised by 
intermittent heating to 56°C. on eight successive days, The results led 


to the conclusion that in almost every case where an active antiserum 
was obtained : 


1 See Halliburton. Biochemistry of Muscle and Nerve, pe ii. 
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‘Ist: There was a general rise in the leucocyte count during the 


course of immunisation. 

2nd: There was a special rise after each injection ; occurring usually 
within 24 hours, always within 48 hours. 

3rd; This rise was as a rule greater and greater with each succeeding 
injection ; in other words, the increase was in proportion to the amount 
of antibody already present in the serum of the animal. _ 

4th: Each increase was of relatively short duration, and was suc- 
ceeded by a fall to nearly the previous level. 

The leucocytes which increased were of the polymorphonuclear type. 
The described behaviour was most conspicuous in rabbits injected with 
ox-serum, or with pseudoglobulin. 

Thus, a rabbit receiving ox-serum had a normal count of 7,000. 
This rose after the first injection to 10,000; after the second to 11,000; 
the’ third, 20,000 ; the fourth, 22,000; the fifth, 25,000; and the sixth, 
80,000 ; falling always in the intervals; the resulting antiserum was 


extremely powerful, Another rabbit had four injections of pseudoglo- _ 


bulin ; after the first the leucocytes rose from 6,600 to 10,000; and after 
the third and fourth to nearly 40,000. With albumin and euglobulin 
the increase was, generally speaking, less obvious and regular; but one 
rabbit getting albumin rose from 10,000 to 13,000 after its first dose ; 
to 18,750 after the third; and 32,000 after the fifth; while another, 
whose normal was 7,900, gave after injections counts of 10,400, 14,800, 
12,000 and 22,000. It is also worth recording that two of the ten rabbits 
which for some reason or other yielded a very feeble antiserum showed 
hardly any leucocytosis at all. 

Control experiments in which rabbits received injections of sterile 
saline solution and rabbit’s serum showed no leucocytosis. 
- Having demonstrated that the white blood corpuscles have some 
relation to precipitin formation, one was naturally led to enquire whether 
there was any connexion between the amount of the latter in the plasma 
and the leucocyte count at the same moment. This was investigated in 
three rabbits receiving respectively ox-serum, pseudoglobulin, and euglo- 
- bulin. After immunisation had proceeded to a fairly advanced stage 
daily samples of blood were taken from the ear vein for such a period of 
time as to cover the whole interval between two injections. Determi- 
nations were then made from day to day of the variation in the 
precipitating power. The following experiment illustrates the result 
obtained : 
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to one of anti-serum. 
April 11 

At once el, 

4 hour v. d. cl. 

hour Pp. 

1 hour 

14 hours 8. p. 


10 cc. ox-serum.) 


Nuttall. 


A. HUNTER. 


14 


8°56 


Exp. X. Rabbit receiving pseudoglobulin. Samples of blood taken on April 11, 12, 
18, 15, 16, 17. Injections on 11th and 16th. Five parts pseudoglobulin solution (1 in 20), 


el, 


Experiments of the same sort with the other antisera showed exactly 
the same kind of result. In the case of anti-ox-serum the amount of 
precipitate obtained each day was measured, according to the method 
of Nuttall. The following figures show the relative amounts after 
24 hours at 40°C. (The animal had already received four — of 


These figures are only approximate, for no special precautions were 
taken to ensure their exactness. But taken with the other tests they are 
sufficient to demonstrate : 

1st: That the immediate effect of an ention is to diminish very 
considerably the amount of precipitin circulating in the blood. 

2nd: That the serum does not become at all active again before the 
3rd day at the earliest. 

rd; That a maximum is not reached before the fifth day. 

An important practical point which follows is that to obtain an active 
serum the animal which is being used must not be killed sooner than 
five days after an injection. en ee PY 


There appears, therefore, to be an inverse relation between the 
amount of precipitin present at any moment in the serum and the 
number of leucocytes. This relation may very well be of extreme 
significance. When into the circulation of an animal rich in precipitins 
we inject a fresh dose of the precipitable substance, it is natural to 
suppose that they will there combine, just as they do in vitro, and this 
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would account for the immediate diminution of the precipitating power 
of the serum. But it is quite certain that the combination leads to no 
actual precipitation in the blood-stream. This is perhaps prevented by 
the concentrated nature of the albuminous fluids in the body, for — 
precipita appear only in dilute solutions of proteid. Further, it is 
possible, as Michaelis and Oppenheimer have suggested, that at the 
moment of combination the proteid molecules are taken up by the 
leucocytes, which increase in number for that very purpose. By this 
means the free precipitins of the serum would become locked up in 
combinations in the leucocytes. It may be in these very leucocytes that 
the elaboration of more precipitin, in response to. the fresh introduction 
of foreign proteid, takes place ; and as the leucocytes are destroyed and 
diminish again in number the precipitins they have produced are set 
free to appear once more in increased amount in the serum. 

If the leucocytes are not the seat of origin of the precipitins, it is 
impossible at present to say what is. I have examined from this point 
of view the spleen, liver, bone marrow, and kidney. Extracts were made 
of these in the fresh as well as the dried state, after they had been as 
thoroughly as possible freed from blood. None of these extracts had any _ 


power. 


‘Summary. 


1. The snainin, euglobulin, oe pseudoglobulin of ox-serum are each 
capable of leading to the formation of precipitins; and these precipitins 
are in a limited degree specific. 

2. The precipitins thus obtained are mixtures of at least four distinct 
antibodies, of which albumin yields one only, while euglobulin and 
pseudoglobulin each yield three. 

3. The production of precipitins follows a wave-like course, and is 
accompanied by an intermittent leucocytosis, the number of leucocytes 
at any moment bearing an inverse relation to the amount of precipitin. 


The expenses of this research have been defrayed partly by the Crichton 
Scholarship Fund, and partly by a grant from the Moray Research Fund of 
Edinburgh University. 
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OBSERVATIONS ON THE GASEOUS METABOLISM > 
OF THE SMALL INTESTINE OF THE RABBIT". 
By A. E. BOYCOTT, M.A., M.D., Fellow of Brasenose College ; 
late Gordon Lecturer on Experimental Pathology in Guy's Hospital. 


(From the Gordon Laboratory, Guy's Hospital.) 


Tur following experiments were undertaken with the view of throwing 
some light on the conditions which determine the composition of in- 
testinal gases. Observations have been made on the composition of the 
gas naturally present in the intestine, on the gaseous exchange of excised 
gut, and on the changes which occur in gaseous mixtures experimentally 
introduced into the bowels. So far as the experimental part is concerned, 
they are to be taken as applying only to the small intestine of the 
rabbit, 

_ Methods. In young and medium-sized rabbits a laparotomy was 
performed under ether; a ‘suitable length of small intestine was 
thoroughly washed out with warm saline; air or a gaseous mixture was 
then introduced into the cleansed section, which was then divided by 
further ligatures into the desired number of short segments (25—50 cm. 
long); the abdomen was then sewn up, and the animal kept under light 
anssthesia; segments of intestine were from time to time removed, and 
the gases 

‘The measurement of the gases fatecthioad was effected either with a 
burette or by a gas-tight syringe. It was not found possible to take into 
account the pressures at which the gas was introduced and at which it 
afterwards remained owing to the constant variations which occurred 
owing to intestinal contractions. The intestine was commonly filled at 
a@ pressure of about 10 mm. Hg.; this however rapidly fell owing to 
the bowel accommodating itself to the stretching, and further changes 
subsequently took place both from alterations in the volume of gas and 
from muscular contraction. For the most part it may be roughly taken 
that the pressure of gas within the gut was about 5mm. Hg. No 


1 The expenses of this research were defrayed by a grant from the Royal Society. 
PH. XXXII, 23 
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correction has been introduced for this factor. The gases were collected 
over mercury in a short cylindrical receiver fitted above with a three- 
way tap; the necessary exposure of the excised segment of gut with the 
contained gases to the air was made as short as possible. The gas 
analyses were made with Haldane’s apparatus’, the CO, being 
absorbed with 20—30 p.c. potash’, the oxygen by 10 p.c. pyrogallic ‘ 
acid in saturated potash, and the combustible gases examined with an 
incandescent platinum spiral. In the experiments on the gases occurring 
naturally in the intestine it often happened that not more than 1°5 to 

3 cc. were available for analysis; in such cases the mixture was 
diluted with a known volume of nitrogen, and so brought within the 
range of the more finely calibrated part of the burette. Where gases 
had -been experimentally introduced 10 or 15 c.c. were usually taken for 
analysis. Animals from which it was proposed to collect the gases 
naturally occurring were killed by a blow on the head. 

As was shown by G. Strassburg’, air introduced into the lumen of 
the intestine rapidly undergoes considerable changes in composition. 
These changes consist of a diminution of the oxygen, an increase in the 
_ ‘carbonic acid, and commonly also the addition of certain fresh gases; the 

nitrogen remains, for a time at any rate, relatively unaltered. It will 
be convenient to consider the subject in more detail under these four 


: The chief cause of the disappearance of oxygen seems to be the 
activity of the intestinal wall. That the direct exchange with the blood 
is relatively unimportant is shown by the fact that ligation of the blood 
vessels does not diminish the amount of oxygen which disappears from 
the lumen of the bowel : 


This Journal, xx p. 465, 1808, and the more recent description in The Investigation 
of Mine Air, by ©. Le Neve Foster and J. 8. Haldane, 1905, p. 100. 

? Much trouble was at one time caused by the absorption of oxygen in the potash 
pipette. This was due, as Dr Haldane pointed out to me, to the solution of sulphide : 
from the rubber connections by the potash. All the ordinary rubber tubing and corks | 


now on the market seem to do this; special, relatively sulphur-tree, tubing should be 
obtained. 


Pfiiger’s Archiv, VI. p. 98. 1872. 
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Time:—2 hrs. 15 mins. 4hrs.20 mins. 
Put in Normal _B.. V. tied Normal B. V. tied 
O 20°98 p.c. 89 pe. 4'0 p.c, 139 pc. 
co, 0038 8°84 8°25 


If however the activity of the epithelium is depressed by heating, 
poisonous solutions, &., a _— diminution in the rate of — | 
of oxygen is found : 


Recovered 
Time :—8 hrs. 46 mins. ey 4 hrs. 2 hrs. 15 mins. 
Filled 

Put in Normal with ‘Normal _ Normal 
Upc. O86po. nil 1254 p.c. B89p.c. 1496 p.c. 
co, 003 791. 7°56 634 p.c. 4°48 3°70 
N 79°04 94°42 93°66 82°98 88! 81°34 


If the absolute volumes of gas put in and gas recovered are measured, 
one may calculate the amount of oxygen disappearing from the lumen 
of the intestine. The average rates of — in a number of ex- 
are as follows : 


(1) In animal; circulation intact 3°68 c.c. per 100 cm. per pour, 


In animal; blood vessels tied 389 CC. 
(8) Fresh gut, filled with air and oe 
suspended in air at 37°C. } = is 


Further examination of the details shows however that other factors 
come into play. The: chief of these is the tension of oxygen outside the 
lumen of the intestine. This varies in the three groups of cases taken 
above from nil with the blood vessels tied, through an undetermined 
figure (say 10 to 20 p.c. of an atmosphere) in the intact animal, to 21 p.c. 
of an atmosphere in the experiments made outside the body. As far 
as the-differences in the averages are significant they support the idea 
_ that diffusion plays some part, since the loss is the greater with the 
greater difference of partial pressure within and without. In the intact 
animal the rate of disappearance varies inversely with the duration “ 
the observation : 


1 hr. 10 mins. 9°51 
3 0 ” 4:06 
4, ” 50 ” 


1 Approximate figures only, dating eimai valve for more combust 
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And the rate diminishes as the difference of tension within and without 
the gut becomes less. The following experiment shows that even if the 
intestine is — the oxygen still disappears at a considerable rate: 
Duration of experiment 2} hours, 

(i) Normal intestine 4:57 ¢.0. per 100 om. per hour. 

(ii) Blood vessels tied 566 » » 

If experiments are made under conditions which diminish the activity 

of the mucous membrane and at the same time exaggerate the difference 
of O tension within and without the intestine, the part played by diffusion 
becomes more obvious. The following shows the disappearance of oxygen 
from the lumen of the excised intestine re in air, calculated as 
100 cm. of intestine per hour: 


Filled with mixture containing 
209 p.c. O 68°52 p.c. O 
After treatment with 10 p.c. formalin i 
for 15 mins.; at 87° C. 4°77 
Normal: at 12°C. 131 7:4 


In the same way the rédle of diffusion in the opposite direction may 
be shown by filling the intestine of the intact animal with mixtures 
containing very little oxygen. In the following experiments the bowel 
was filled with hydrogen containing traces of oxygen and carbonic acid : 


Mixture put in Mixture found 
Exp.I. B., V. normal 0°498p.c, 0°262p.c. 384 hrs. 4°63 p.c. 0-955 p.c. 
B. V. tied 5°66 0°33 
_ Exp. Animal died in 830 
taken 4 hours, 
post-mortem 
Exp. IV. Normal 0°251 4°47 1450 
B, V. tied 84 4-98 0547 


The obvious criticism that the rise in the oxygen tension was due to 
the absorption of some of the hydrogen (which doubtless occurred to a 
small degree) is met by the fact that of 30c.c. of the mixture which was 
put into the gut, in every case from 10 to 16c.c. were recovered for 
analysis without endeavouring to collect the whole quantity ; the oxygen 
tension, on the other hand, rose on the average 6'l-fold with the intact 
intestine, though only 1°7-fold with the blood vessels tied, as — be 
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‘These experiments are also concordant with the fact that the 
percentage of oxygen in the gases recovered from the intact intestine is 
always somewhat greater than that in a similar segment of bowel with 
ligatured blood vessels if the experiment has been continued sufficiently 
long to reduce the oxygen tension to a low level. 


P.c. oxygen put in Time Normal B. V. tied 


20°9 4 hours 19 0°44 
20°9 3°28 
209 Bigs 2°18 0°17 
20°9 84 ,, 198 0°83 
0°26 3t,, 2°36 0°83 
0°25 33 ,, 1°45 0°55 

Average 2°19 0°62 

=835:1 


In the earlier parts of an experiment while the oxygen tension still 
remains considerable the same difference is not found. Thus: 


Pe, O obtained 
Pc. Oputin Time Normal B, V. tied 
18-44 | 590 5°76 


2°39 0°08 


- If, then, oxygen diffuses into the lumen of the intestine when the 
oxygen tension there is low, it follows that oxygen should be present 
in gases found in the intestine under natural conditions’. In many 
instances, at any rate, this is actually the case. For these observations 
_ cats were used, since the much greater thickness of the wall of the small 
intestine in these animals renders it less likely than with rabbits that 
the oxygen found would result from the necessary exposure of the bowel 
to the air during the collection of the gas. 


O percentage in 
: Small intestine Large intestine 
Exp. I. ee nil 
06 nil 
11 13 
IV. nil 
VE. O17 
VIII. 1°65 0°18 


1 Traces of oxygen are shown in many of Tappeiner’s (Zeit. f. physiol. Chemie, v1. 
p. 432, of uatarel grees trom the small. bowel of pigs and rabbite. 
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_,! ‘The obvious explanation of the difference between the intact intestine 
anda similar piece of bowel with ligatured blood vessels is that the gaseous 
mixture in the lumen of the former is partly balanced against the oxygen 
tension in the circulating blood, which, whatever the exact figure may 
_ be, is undoubtedly higher than that in‘the tissues. No suggestion is 
made that the ox rygen tension within the gut may be made a quantitative 
index of the tension in the blood and tissues; under any circumstances 
the passage of oxygen through the intestinal wall takes place com- 
paratively slowly, and other factors overwhelm the results of diffusion. 


The fermentative processes taking place in the intestinal contents 


also play a part in ‘the removal of oxygen. But even where the small 
intestine has any contents the amount thus used up is not large. In a 
number of experiments in which fresh intestinal contents were confined _ 
in air at 37°C. the consumption of oxygen varied from 0:066 to 0027 c.c. 
gram per hour. 


DIOXIDE. 


While the presence of oxygen in ‘the intestine in any considerable 
amount is a condition probably only found in laboratory experiments, 
carbon dioxide is constantly being produced both by the wall and by 
the contents of the bowel. 

The CO, arising from the latter source is of course very variable ; 
experiments outside the body give figures varying from 0065 to 0° 467 c.c. 
per gram per hour. 

It is impossible to measure directly the amount of Siaticn dioxide 
‘produced by the metabolism of the normal intestinal mucosa inside the 


animal. The quantity may, however, be arrived at approximately as 
follows. 


in air at 87°: 
7 c.c. per 100 cm. per hour 
Duration © used up. CO, produced 


Exp. I. lhr. 50 mins. — 8°76 8°47 


Average 5°75 «B75 
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in another of experiments the alterations in th gan inside inten 
filled with air and suspended in air at 87° were examined: 
' ¢.c. per 100 cm. per hour 


Duration Santee 00, produced 
Exp. I. 2 hrs, 30 mins ae 
II. 2 eS 89 0°60 
Til. 88 0°09 
Average 


The respiratory quotient for the whole intestinal wall and for the 
mucous membrane may be taken to be the same; it follows that the 
amount of carbon dioxide produced by the inner surface of the intestine 
is about 3°7 c.c. per 100 cm. per hour. In these experiments therefore 
only one-tenth of the CO, produced was found within the lumen of ais 
bowel. Inside the body similar results are obtained. 


| 
Exp. I. 1 hr, 10 mins, 1°16 
Iv. 1°36 
Vv 4, @ 0°32 
Average 1°25 


The reason for this failure of the CO, to accumulate within the intes- 
tine is the great permeability of the intestinal wall to this gas. Carbon 
dioxide passes very readily through the intestinal wall from an area of 
higher to one of lower tension. If a piece of excised gut is tied at one 
end, connected with a manometer at the other, filled with air and 
suspended in an atmosphere of CO, (at atmospheric pressure) the 
pressure within the gut rises rapidly and soon reaches a point at which 
the bowel is unable to withstand the pressure and bursts. 


Time 2.85 287 246 23651 268 #3802 3810 
Pressure in mm. Hg. 28 82 36 44 60 72 80 burst 


The rate of increase of pressure increases as the pressure rises and 
the extensibility of the intestine decreases. The bursting pressure is 
usually between 80 and 90 mm. Hg. By using a differential mano- — 
meter, in which the rise of pressure in a piece of intestine turned inside 
out is balanced against that in a piece normally disposed, it is found 
that the rate of passage of CO, through the wall is entirely 


_ the same whéther it goes from peritoneum to mucosa or from 


Mucosa to peritoneum. The rate is not materially affected by 
soaking the gut wall in 0°75 pc. tartaric acid (showing that the 
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transference does not take place with the aid of any obvious chemical 
combination), nor by treatment with 10 p.c. formalin, though in both 
cases the altered intestine gains slightly (2 to 3mm. Hg.) on the 
normal segment. By treatment with formalin the bursting point is 
raised to 120 or 140 mm. Hg. 

This phenomenon seems to be entirely dependent on.the solubility of 
carbon dioxide in the watery fluids which permeate the gut wall. 
Other soluble gases, such as H,S and nitrous oxide, pass through with 
a similar rapidity; while to relatively insoluble gases such as oxygen, 


hydrogen, nitrogen, or carbon monoxide, the wall is by comparison — 


impermeable’. 
As with the oxygen, ligation of the blood vousels does not lead to 
any extreme alteration in the analyses, But on comparison of the 


figures it is found that the tension of the CO, in the residual gas is 


always higher in a segment of gut with the blood vessels tied than in a 
normal segment; irrespective of the mixture introduced, and that the 
‘ tensions reached under each of these conditions do not differ widely in a 
series of experiments : 


Percentage of CO, in 
Duration of Mixture Normal Gut with 
experiment introduced gut tied b, v. 
3 hrs. air? 4°20 5°62 
407 797 
4°54 6°23 
4°96 
33 ,, 0-188 4°47 4°98 
82 ,, 0-498 8-98 566 
4°70 8°50 6°47 
6°87 8°24 |. 
Average 3°94 5°96 


If successive observations are made, it is found that the tensions of 


CO, soon reach a level which is maintained, at any tate for some time, 


as in the following experiment : 
Percentage of CO,. | 
Time:—Ohrs. lghrs. 2hrs. Shhrs, 4$hrs. 
Normal 6°87 8-29 —  -800 -. 82 
B. V. tied 6°87 665 632 — 647 


1 ‘Thus H,8 introduced into the lumen of the intestine is rapidly fatal to animals in 
very small quantities; of CO on the other hand, 30 c.c. may be. introduced into the 
small intestine of a small rabbit without determining @ fatal issue, though it may be 
readily detected in the blood in 7 to 10 minutes. ) 


The laboratory air was not always analysed, but the percentage of (0, vated from 


0-085 to 0-11 at different times. 
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' If the conditions as to CO, tension outside the intestine are 
materially altered during an experiment, corresponding alterations are 
found in the CO, tension in the gut. The post-mortem rise of CO, 
tension in the body has the following influence : 


of carbon dioxide. 
Normalgut . 11°96 5-20 4-98 16-08 
-. If the CO, of the mixture within the intestine can diffuse into a 
surrounding atmosphere of low CO, tension, the percentage of CO, falls 


much lower. In the following experiment excised intestine was filled 
sae mixtures of varying a content and hung i in air at 37° C. : 


of 
Duration of exp. Putin — Found 
24 hrs. air 0-933 
0-279 
4» ” 0°835 
6°87 | 1009‘ 
83 14-18 
” Average 0°651_ 


‘Outside the body therefore the CO, within the intestine is in excess 
of that outside by about 0°61 p.c. (max. 0-97, min. 0°21 p.c.), the excess 
being due to the constant production of CO, within the lumen of the gut. 
If the same relative difference obtains inside the body, it follows that 
the CO, tension outside the normal intestine (te. in the blood) 
is about 3:3 pc. of an atmosphere (max. 3°9, min. 2°6), and out- 
side the intestine with ligatured blood vessels (ie. in the 
tissues) about 5°35 p.c. (max. 7°4, min, 4:35). 

This aerotonometric action of the intestine depends on the permea- 
bility of the gut wall, and seems to operate only where the wall is quite 
thin as in the small intestine of the rabbit. In the cat, where the wall 
is very much thicker, the permeability to CO, is distinctly less, and the 
CO, tension in the gas found naturally may be as high as 13:2, 143, 
16:9, 27°6 and 30-2 per cent. in the small, and 242, 50°6, 55:5, 63:0, and 
66'4 per cent. in the large bowel. 

Strassburg’, in two experiments in which. air was injected into the 
norma me intestine of the dog, found that the ig rapidly rose to 
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about 7-7 p.c. and was thereafter maintained very near this figure. He 
of opinion that it is sng against the CO, tension of the tissues, not 
of the blood. 


(8) Nrrrogen’. 


Within moderate time-limits the nitrogen of air placed in the 
intestine remains relatively unchanged in total quantity; owing to the 
removal of the oxygen and of part of the corresponding carbon dioxide, 
wate partial pressure may be much increased. — 


N put in __N recovered 


Duration cub. cent. percent. cub, cont. cent. 

A. In animal. : 

I, 4hrs. 50 mins. 40 158 79°04 1618 929  -0°52 
8,, 45 ,, 26 1514 (944 0°66 
B. Freshly excised intestine in air at 87° CO. 

V. 2hrs. 80mins, 21 158 79°04 1510 - 0°70 
Vil. 4, 28 727 86-4 7290 45°79 +002 
C. Formalised intestine in air at 87° 0, 

IX. 2hrs. 45 mins, 28 150 79:04 1500 «79°27 


As might be expected from the ‘similarity in the physical conditions, 
the average percentage loss per hour inside and outside the body is 
about the same, te. 1°0 and 1:2 per cent. of the original nitrogen 
introduced respectively. If any rise in the partial pressure inside the 
gut is prevented by killing the gut wall (expt. IX), the nitrogen remains 
unaltered; if the partial pressure within is less than that outside 
(expt. vitt) there may actually be a rise. At the same time it must be 
allowed that the small differences shown in these figures are not beyond 
the limits of experimental error ; the figures are, however, fairly uniform 
and concordant. 

The small diffusibility of nitrogen through the gut wall is doubtless 
dependent on: its insolubility in water, The descending order of 
diffusibility indicated by these results is: carbon dioxide, oxygen, 
nitrogen, the first being far in advance of the others, The relative 
solubilities of these gases in water are approximately 90 : 2: 1. 


part of the gaseous mixture whieh remains after absorption by potash and 
excess of oxygen, is taken as N. 
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cases. 


As is well known these are present, often in large amounts, in 
natural intestinal gas, and they soon make their appearance in gaseous 
mixtures placed in the intestine. They come originally no doubt from 
the fermentation of intestinal contents; in the present experiments no 
. amount of extra cleansing of the bowel beyond that always employed 
made much difference in the rate or amount of their appearance in air 
introduced into ligatured portions of gut. Treatment with antiseptics 
which do not, altogether destroy the intestinal wall was also frequently 
without very much influence, as in the following experiment : 


Air introduced 20.c.c. Time 4 hours, Gas recovered :— 


A. Normal for hour 

Total gas 16°74 18°85 
O percent. 
percent. 791 7°56 
Contraction on com- 
bustion per cent. } ics 


eases Piece of intestine treated with 0°1 p.c. HgCl, in the same 
experiment was excised altogether, spread out in a confined volume of 
air and incubated at 37°C. At the end of 44 hours no trace of com- 
bustible gas could be found. Such results indicate that combustible 
gases may pass from the blood and tissues into the lumen of the bowel. 
Such an occurrence is to be expected from their abundant a" in 
the expired air of guinea-pigs and rabbits’. © 
If one compares the results obtained with normal intestine and after 
ligature of the blood vessels, no constant difference is found in the earlier 
stages, though later on the percentage of combustible gases seems ses run 
at a definitely sasihas level if _ circulation is cut off: 


2 hrs. 15 mins. 0°60 1°86 
8 0 2°16 2°16 
,, 187 0°97 


. D. Finkler, Archiv, xv. p. 603, 1877. 
College, is kind enough to allow me to mention that he has obtained in the analysis 
of the expired air of rabbits results which are similar to those here described and 
which will not calculate out as mixtures of H and CH,. He are? 
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contraction on combustion 
As far as can be judged from the ratio GO, formed ; 


the gases in the contrasted segments of gut were of practically the same 


Contraction © CO, Contraction CO,” 
0°075 c.c. 0°074 ¢.c. . 0°064 c.c. -0°069 c.c. 
0°159 3 0°174 0°177 0°176 
0°079 0°051 0°324 0°150 
0°225 0°295 . 0°148 0-208 


This indicates that the difference between the “ normal” and “ blood 
vessel ligatured ” figures is due rather to a difference in tension of the 
combustible gases in the blood and tissues respectively, and not to 
any markedly differential rate of passage into and out of the gut due to 
differences in the solubilities' of different constituents of the mixture. 
Unless the assumption is made that the tissues themselves may produce 
such gases, the rate of production must be taken as equal in each case. 

Nothing has been said as to the precise nature of these combustible 
gases owing to the fact that it has not been determined. In consequence 
the method of analysis used has not proved sufficient to give accurate 
quantitative results, The combined measurements of the contraction on 
combustion and on the CO, formed by this combustion afford a very 
accurate test of the purity of combustible gases, and of the quantities 
present in simple mixtures; if an estimation of the oxygen consumed is 
also made, an analysis of a mixture of three known gases is possible. : 

It is commonly understood that the combustible gas found in the 
intestine consists either of hydrogen or of a mixture of hydrogen and 
methane. By the method of combustion these give the following 
results: 

Hydrogen contraction n, CO, nil: H=3 n. 

Hydrogen + methane : contraction n, CO,n': CH,=n’,and H=3 
(n—2n’). 

It follows from this that in a mixture of H and CH, the siinididens 
must. be more than twice the CO, formed. Now the results obtained 
may be arranged in four groups: 

A. Contraction more than twice the-CO, formed. 
B, Contraction more than the CO, formed, but not twice as much. 


C, Contraction equal to CO, formed. 
_D, Contraction less than CO, formed. 
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Illustrative examples are as follows : 
| Gastaken Contraction 
cc. 


Source 
Natural gas, small intestine 
of cat. 


- Nataral gas, large intestine 
of rabbit. 

Residual gas of air in small 
intestine of rabbit. 


. Natural gas, large intestine 
of cat. 


10°110 
9°854 
8'180 
8-050 


2°657 


8-280 
0°177 


855 


Group A, where the results permit of expression in terms of H and 
CH,, were mostly met with in natural gas collected from intestines; it 
is also in these cases that I have most commonly found hydrogen alone. 
In some of these cases however, and in practically all the experimental 
results, the figures fall in groups B, ©, or D. It is clear that in these 
instances some gases must be present which give on combustion a volume — 
of CO, which is more than half, and often more than the whole of the 
contraction. The following are the analytical relations of some of these 


possible types of gases towards the method used: 


Contraction CO, 
Hydrogen n 
Methane 2 
Ethane 5 
Propane 3 
Pentane | 


aoc 


Ethylene 2 
Butylene 3 
Benzene 
Carbon monoxide 1 ‘ 
Ether 8 


It is probable that some of these higher compounds are responsible 
for the difficulties of analysis ; traces of ether would probably be present 
in animals anesthetised with that substance. It should be recalled 
that the gases are analysed wet and the CO, and oxygen estimated first, 
so that gases very soluble in water are (at any rate to a large extent) 
excluded. Repeated tests satisfied me that the alkaline .pyrogallic acid 
made after Haldane’s directions does not give off any carbon monoxide 


or other combustible gas. 


It was hoped that some light might be thrown on the matter by the 
‘use of other methods of analysis—+.e. palladium for hydrogen and fuming 
sulphuric acid for any “heavy hydrocarbons.” The results were however 
disappointing. Distinct absorption by the sulphuric acid was observed 
on several occasions; but on testing the method with pure ethylene’ I 


1 I found, as has been pointed out by Lorrain Smith and Hoskins, Journal of 
Hygiene, 1. p. 124, 1901, that ethylene prepared in the ordinary way from alcohol and 
sulphuric acid nearly always contains a considerable amount of CO; Dr Wade kindly 
showed me that this is avoided by the use of syrupy phosphoric acid at 115°—120°. 
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found that it was ficiouailde to absorb the last traces, and the bisegiteal 
gas always gave a contraction on exposure to the incandescent platinum 


spiral, and the ratio oO. ened was that characteristic of ethylene. The 


- game difficulty was encountered on trying to estimate the hydrogen with 


palladium ; in test experiments with pure hydrogen, with both occlusion 


in. the absence of oxygen and combustion in the presence of oxygen, | 


_ traces of hydrogen could always be detected subsequently by the 
platinum spiral. These methods therefore do not appear to be sufficiently 
accurate for the purposes in hand when the partial pressures of ethylene 
and hydrogen in the mixtures under examination have fallen very low. | 
. Previous observers, do. not appear to have met with the same 
difficulties : e.g. zE Tappeiner’, whose analytical data are given in full, 


using Hempel’s apparatus’ and an explosion method, never failed to — 


obtain a quantity of CO, less than half the contraction in a long series 
of analyses of both natural gases and of the products of artificial 
intestinal fermentation. | 


SUMMARY. 


(1) Oaygen disappears hom the intestine partly by diffusion, but 


mainly by being used up by the mucous membrane. It has very little 


direct exchange with the blood. It is normally present in the small 
intestine. 

(2) The intestinal wall is very sibleeaiae to. carbon diowide. In 
the small intestine of the rabbit this permeability is so great that the 
tension of carbon dioxide within is approximately the same as the 
tension outside the intestine. | 

(3) The nitrogen of air introduced into the small intestizie ik: 
goes very little change up to five hours; there i is a small and somewhat 
doubtful loss by diffusion. . 

(4) The combustible constituents of intestinal gases consist of a 


complex and partly unknown mixture ; ; they may enter the lumen of the 


gut from the blood. 
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APPENDIX. 


inthe appendix are given some of the fall analyses which have been made of the gusee 
found naturally in the intestines of cats : 


» COntraction on ~ CO, 
Cat: smallint. 148 «6778 |. 68 0°5 0-010 
large int. 885 nil 0271 
Cat : stomach 1901 lost by explosion 
small int. 2876 O68 546 169 0°4 2°657 0°04 
large int. 10°05 55°5 nil 1655 204 86 1°33 0°24 
Cat: small int. 1°74 13°2 1-1 80? ? ? 0071 0-100 
large int. 1°49 24°2 13 73°4 trace 11 0°035 
Cat: small int. 123 105 82 = lost by explosion 
‘large int. 10°08: - 56°1 nil. 838°0 109 trace 1°667 001 
Cat: small int. 8438 «6169 «614 «869785 (0476 «0105 


Margeint.upperend 11°83 nil 82°38 0°32 trace 0°068 0-006 
 lowerend 305 396 59? ? ? . 0005 0-021 
Cat:smallint. «1004 «302 02 811 385 nil 5806 nil 
largeint.lowerend 9°57 613 05 88 299 © nil 4296 onill 
» middle 1190 6380 017 78 0-21 6208 0-025 
Oat: small int. 08s 129 nil ? ?  0:006 
largeint.upperend 12:42 47-7 nil 86:48 0-12 6827 0015 
lowerend 6°26° 42:17 nil 15°66 42°17 nil 3°96 nil 


Cat: small int. 151 «©6165 (76°84 2°91 trace 0°078 0-006 
 Jargeint. 46°42 O-18 47°71 569 nil 0954 nil. 
Cat: stomach 21475 72 85 806 86  O1 1208 0-021 
smallint 622 100 86 693 89 82 1822 0-427 
large int. 2166 «91 «6721 10s 
Catismallint. . 4°44 853 43 575 14 0198 0°047 
Cat: small int. 1465 162 nil 808 082 218 0-082 0032 
Dog:smallint. 4925 30°96 112 660 203 nil #0100 nil 
large int. 9°50 26°34 042 705 222 nil 0305 
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ON THE EFFERENT RELATIONSHIP OF THE OPTIC 
THALAMUS AND DEITER’S NUCLEUS TO THE 
SPINAL CORD, WITH SPECIAL REFERENCE TO 
THE CEREBELLAR INFLUX OF DR HUGHLINGS 
JACKSON AND THE GENESIS OF THE DECERE- 
BRATE RIGIDITY OF ORD AND SHERRINGTON. 
By F. H. THIELE, MD. BSc, MRCP, —— to 


Uniwersity College Hospital. 


(From the Laboratory of Chemical “ 
College, London.) 


— has long been drawn to the question of the contracture 
which occurs with lesions of the nervous system. This contracture has 
been noticed in lesions of the pyramidal. tracts, whether acquired or 
- congenital, in cerebellar lesions, and in inflammatory conditions at the 
base of the brain, as in posterior basic meningitis. 

With cerebral lesions the rigidity that occurs is classified as : 
1. Initial Rigidity. 2. Early Rigidity. 3. Late Rigidity. 4, penotarel 

dity. 
Bye initial rigidity occurs in the first few hours after the occurrence 
of the lesion affecting the pyramidal tracts and i is — to be ™ to 
irritation due to the lesion. | 

The early rigidity begins a few afier the of the lesion 
lasts a few weeks. It is generally supposed to be due to mentery 
irritation of the parts around the lesion, 

Late rigidity occurs in enduring paralysis and may be permanent. 
It is always associated with descending degeneration in the pyramidal — 
tracts and is influenced by the irritative nature of the lesion. It 
depends a great deal on active muscular contraction, since it is less after 
sleep and with warmth and is overcome by passive movements. It 
affects the arms more than the legs. In the arms the rigidity pre- 
ponderates in the flexors, in the legs ‘the incidence affects the flexors 
and extensors more equally. 
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This condition finally passes on to structural rigidity if the paralysis 
is enduring. | 

In disseminated sclerosis marked rigidity occurs, and is. at first 
marked passive rigidity. It occurs when the paresis is only slight, and 
finally becomes permanent. In this the legs are more affected than the 
arms, and at first is an extensor spasm, later it may become flexor. 

Disease of or injury to the motor centres of the cortex of the brain, 
and the pyramidal tracts which descend from them through the cord, 
are regarded as causes which give rise to contracture. Slight inter- — 
ference with the healthy condition of the cortical cells and pyramidal 


‘fibres results in the loosening of the reins which inhibit the spinal 


centres, and an increase in tendon reflexes is the first evidence of the 


change. A little more disease of these tracts and clonus is developed, 


and finally with grosser disease contracture occurs. The rigidity early 
and late depends on the overaction of the spinal centres. The centres 
which thus overact are probably those on which normal muscular tone 
depends, and the rigidity is an excessive degree of this tone due to the 
removal of the inhibitory influence exerted by the motor tract. 

Bastian’, however, showed that in complete transverse lesions of the 
spinal cord this increased tonus is absent, that the tendon reflexes are 
absent, and the paralysis is a flaccid one. From this he concluded that 
the cerebellum exerts an adjuvant influence and the pyramidal an 
inhibitory influence, and that the anterior cornual cells have only a 
slight inherent tonic influence. 

Dr Hughlings Jackson’ in his Hughlings Jackson Lecture to the Neu- 
rological Society, 1897, put forward his views as regards rigidity as follows: 

“Speaking very roughly the cerebellum represents movements of the 
skeletal muscles in order, trunk, leg, arm, preponderatingly extensorwise ; — 
the cerebrum represents movements of the same muscles, in order, arm, — 
leg, trunk, preponderatingly flexorwise. It is also supposed that impulses 
from motor centres of the higher levels of each sub-system continuously 
act upon the motor centres of the lowest level, that the impulses from 
each set of higher levels antagonise or inhibit one another in different 
degrees upon different lowest motor centres; that the degree in which © 
the cerebral and cerebellar impulses antagonise one another is the same 
as the order of the degree of their different representations of movements 
of the muscles of the body. In accordance with this hypothesis the rigidity 
in hemiplegia results because, cerebral influence being cut off the lowest 


1 Bastian, Trans. Med. Chir. Soc., London, 1891. 
2 Quoted in Allbutt’s Med. vol. ut. p. 540. 
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motor centres, as the cerebrum represents movements in order, arm, leg, 
trunk, cerebellar influence upon the lowest motor centres is no longer 
antagonised; there is cerebellar influx into the parts which the cerebrum — 
has abandoned. There is another way of considering the hypotheses of 
the relations of the cerebral and cerebellar sub-systems to one another, 
by their having the lowest level in common. Certain cerebral and 
cerebellar maladies may be contrasted and compared with one another 
as being complementary inverses (corresponding opposites). The best 
marked complementary inverse is a case of extensive cerebellar paralysis 
(trunk, legs, arms) and rigidity, as the corresponding opposite of the 
double hemiplegia (arms, legs, trunk), and rigidity of an advanced case 
of paralysis agitans. In the former case the attitude is opisthotonic, in 
the latter slightly emprosthotonic.” Those who hold the other views 
as regard rigidity explain the rigidity occurring in cerebellar lesions as 
due to irritation of the pyramidal tracts. 

In these experiments it was determined to investigate the matter 
from the point of view of tracing the relations of the thalamus to the 
mesencephalon and hind brain. 

_ Now the thalamic grey centres are in association with the bulb si 
spinal cord by the thalamo-bulbar and thalamo-spinal tracts. Placed on 
and around these are the tectospinal and rubrospinal tracts together 
with the Deiter spinal tract lower down and the cerebellum, the lateral 
lobe of which is directly connected with the contralateral pontine nuclei. 
As the pyramidal tracts run through these latter it became necessary to 
exclude the influence of the pyramidal fibres. The investigation there- 
fore became as follows : : 

1. Localisation of the genesis of decerebrate rigidity. This was 
arrived at by making successive coronal slices through the — 
mesencephalon, pons and bulb. 

_ 2. An endeavour to arrive at some idea of the effect of the cere- 
bellum or pontine nuclei or Deiter’s nucleus by the stimulation of the 
middle and superior peduncles, and with the view of excluding the 
pyramidal system and its effects a large number of control experiments 
were made in which the pyramidal fibres had been caused to totally 
degenerate by means of suitable lesions made in the middle zone of the 
cerebral hemispheres. 

8. Stimulation of the cut surface of the mesencephalon and optic 
chelate with or without previous complete pyramidal degeneration. 

These experiments were conducted under anzesthesia, the anzsthetic 
used being chloroform or ether. 3 | 
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“ Im cases where the brain was removed in slices to note the de- 
cerebrate rigidity both carotids were previously tied to diminish the 
bleeding. In cases where the pyramidal fibres were caused to 
degenerate the animal was anzsthetised, trephined under strict anti- 
septic precautions and the tracts divided by coronal division of the 
hemisphere. 

In some cases this was performed on the left, in others on ie right 


. side, and in a few cases bilateral section was performed. The animals 


rapidly recovered — after this lesion and had the typical movements 
de ménage. 
The results will now be dealt with in the following order :— 
1. Localisation and genesis of decerebrate rigidity. : 
(a) The influence of the cerebellum. 
(b) The condition of the knee jerks. : Bese 
', 2. The results of excitation of the cerebellar peduncles. . 
3. The results of excitation of the mesencephalic tracts, _ 


DECEREBRATE RIGIDITY. 


a. Influence of Cerebellum, | 


Decerebrate rigidity was first studied by iisertagian' and later 
by Léwenthal? and Horsley. 
This condition arises after transection of the mesencephalon. In it 


the respiratory and cardiac functions after a time go on quietly, but 


certain groups of muscles become rigid. It affects the muscles of the 
forelimb more than those of the hind limb. The elbow becomes quite 
rigidly fixed, the wrists less, and the digits not at all. The homologous 
joints of the hind limb are affected in the same manner as those of the 
forelimb. The tail may be erect, the head and neck are retracted. | 
Passive movement increases the rigidity, brings it out if not present, or 
ve-establishes it if passed off. : 
Sherrington also showed that after semisection of the mesencephalon 
the rigidity was present on both sides but most on the side of the lesion, 
and that it could be inhibited on the side of the lesion by stimulation 
of the appropriate areas of the motor cortex of the contralateral 
side. He also demonstrated that the rigidity could be abolished on one 


Sherrington. Schafer’s 1. pp. 914—915; Proc, Royal Soc, ux. p. 411, 
1896; This Journal, xxm. p. 819. 1897. 
* Lowenthal and Horsley. Proc. Roy. Soc. uxt. p. 20. 1897. 
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side by unilateral transection of the bulb in its lower third, and by 
section of the afferent spinal roots of the region implicated. Similarly 
stimulation of the anterior surface of the cerebellum at points extending 
from the middle line to far on to the lateral lobe inhibits the rigidity, 
especially on the homolateral side. Sherrington further demonstrated 
that in an animal in this condition of decerebrate rigidity following 
transection through the mesencephalon reflexes can be obtained which 
actuate the neck, trunk, and the limbs as a whole, and treat them as — 
components of a single motile apparatus. The reflexes thus elicited by — 
putting one paw into hot water are such that the fore paw so heated is 
flexed and protracted, the contralateral is extended and retracted, the 
hind limb on the homolateral side is extended and contracted, the 
contralateral limb is flexed and protracted. The whole body thus 
appears to move as in the movements of walking. 

Langendorff? has shown that in birds the inhibitory influence from 
the optic lobes is crossed. 

In the present investigation, which was carried out in cats and 
monkeys, the method employed was in some animals the removal of the 
cortex with subsequent removal of the cerebral hemispheres, mesence- 
phalon and hind brain by successive coronal slices till rigidity apeared 
and again disappeared. 

In others the cerebellum was removed photon before and after 
the production of rigidity by mesencephalic transections. In some of 
these cases the tentorium was first removed, in others the tentorium 
was untouched. 

In another series again the fibres from Deiter’s nucleus were 
divided to note the effect of their division on the occurrence of 
decerebrate rigidity. 

Finally in another series of animals, unilateral lesions were made at 
different levels in the thalamus and mesencephalon to study unilateral 
effects and to endeavour to obtain contralateral rigidity. 

As the result of these methods it was found that decerebrate rigidity 
did not commence till the level of the section passed through the 
posterior part of the optic thalamus. The rigidity thus obtained was 
not so marked as that which occurred with lesions farther back. The 
most marked rigidity occurred when the section was made at the level 
of the posterior corpus quadrigeminum. 

_. It was always noted that so long as the level of the section did not 


1 Langendorff. Archiv fiir Physiol. 1877. 
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go beyond the pontine fibres the rigidity remained in great intensity; if, 
however, the level of the section was through the trapezial fibres the 
rigidity was absolutely abolished. 

In most cases the cat continued to breathe spontaneously, if not, 
then artificial respiration was performed till the cat breathed spon- 
taneously. The animal was kept alive after this under anesthesia for 
a short time and during this time the rigidity never redeveloped. 
Although, as sometimes happened, transection at a higher level caused 


ee _ arrest of respiration and loss of rigidity, the rigidity always came back 


when respiration was re-established. 

When this was found to be the case it was surmised that the 
abolition might really be due to the severance of the Deiter spinal 
tract. 

This was subsequently found to be so. Unilateral separation of 
Deiter’s nucleus from the medulla or division of the tract as it passes 
down through the medulla produced relaxation af the rigidity on the 
homolateral side. 

~ In most cases the momentary stimulation of the nucleus or its fibres 
by the knife caused a temporary increase in the rigidity. When the 
division of the tract was performed after mesencephalic transection the 
contralateral rigidity was unaffected, whilst the homolateral was 
abolished, and this continued as long as the animal was kept alive. In 
all cases the relaxation was not complete, and in some a certain amount 
of rigidity recurred after an interval. In most of these cases unilateral 
transection of the medulla at the level of the lower third of the calamus 
seriptorius did not cause this still existent rigidity to become less. 

The rigidity remaining was therefore supposed to be due to the 
independent vitality of the anterior cornual cells. 

According to these results it appears that the pontine nuclei have 
no part in the production of rigidity in these experiments, since by these 
successive coronal sections many pontine nuclei are removed without 
causing loss of rigidity, but when the section goes through the trapezium 
the rigidity vanishes, although a large part of these nuclei still remains. 
In fact successive transverse slices through the pons tend to increase 
the rigidity, which vanishes as soon as the trapezial level is reached. 

These experiments further demonstrated that the cortex and 
pyramidal tracts have no relation to the causation of decerebrate 
rigidity. In no case where the pyramidal tracts bad been caused to 
degenerate by previous section was there any difference in the nature 
and extent of the rigidity ssaiaies mesencephalic transection. 
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'- Piecemeal removal of the cerebellum by horizontal slices produced — 
no influence on pre-existing decerebrate rigidity until Deiter’s 
nucleus was included in the section, when as before the —* was 
abolished. 

In those cases in which the cerebellum was first removed before any 

lesion was made in the mesencephalon, the removal of the cerebellum 
was in some cases performed with or without previous removal of me 
tentorium. 
_ During removal of the tentorium it was notion that extensor 
rigidity always developed, and that the rigidity was of exactly the same 
nature as that following mesencephalic transection. Removal of the 
tentorium over one lobe of the cerebellum also produced bilateral 
‘rigidity, which was usually most marked on the same side. This 
rigidity was, however, frequently noticed to be more marked on the 
opposite side, although it subsequently increased on the same side. 

In cases in which the tentorium was removed in this way, piecemeal 
removal of the lateral lobe of the cerebellum usually caused a temporary 
diminution of the pre-existing rigidity on the homolateral side, and an 
increase on the contralateral. The rigidity on the homolateral side 
also came back after a time unless nearly the whole of the lateral lobe | 
was removed, when the rigidity did not recur on the homolateral 
side, 

If, however, the tentorium was not previously removed then aad 
_ of one lateral lobe by successive sagittal slices caused at first the 
development of a slight degree of bilateral rigidity, which was usually at 
first more marked on the contralateral side, but it subsequently increased 
homolaterally. In other cases the homolateral rigidity was the most 
marked from the beginning. With greater removal the rigidity 
increased still more, till finally when nearly. the whole of one lobe had 
been removed the homolateral rigidity diminished greatly or completely 
disappeared. 

If the operation of transection of the mesencephalon was performed 
subsequently to the above-mentioned procedures then it was found that 
if Deiter’s nucleus was uninjured the rigidity developed on the side of 
the cerebellar lesion as well as on the opposite side; if, however, it was 
injured then the rigidity did not appear on the side of the lesion. 

Sherrington’ in his description of the condition of decerebrate 
rigidity mentions the fact that the rigidity is abolished by transection 


1 Sherrington, loc. cit. supra. 
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of the bulb at the level of the lower third of the calamus scriptorius and — 
that the influence therefore descends from somewhere higher up. ; 

It would appear from these experiments that the influence comes 
down the Deiter’s spinal tract. 

These experiments also agree with those of, Sherringtoa, ; in that 
section of the posterior roots of the'limb affected by the rigidity caused 
abolition of the rigidity, and that previous section of the roots pereented 
its occurrence on division of the mesencephalon. 

This being so, I thought it would be interesting to see the part 


‘a played by the posterior columns and the direct cerebellar tracts. Rigidity 


was accordingly produced in the usual way, the cord was then exposed 
and these tracts divided just above the cervical enlargement. It was 
then seen that division of either of these tracts was without effect on 
the rigidity. In these experiments I was also able to produce unilateral 
rigidity due to unilateral mesencephalic transections, Not only was 
homolateral rigidity produced as Sherrington describes, but if the 
transection was made far forwards in the region of the optic thalamus 
and the anterior corpora quadrigemina marked contralateral rigidity 
was produced, the homolateral limbs were scarcely at all affected and 
then the rigidity in them occurred later and only on manipulation of the 
limbs. | 


When the lesion was made further back in the region behind the | 
anterior corpora quadrigemina the homolateral rigidity was obtained 
with only slight contralateral. 

These facts point to the conclusion that the influence descending 
from the region of the thalamus is a crossed one, and that the decussation 
takes place high up in the region of the decussation of the. rubro-spinal 


tract 


Investigations were also made as to the influence of the cerebellum 
by way of the anterior cerebellar peduncles on the rigidity, with a view 
to see what relation the afferent and efferent parts of the cerebro- 
cerebellar circuit bear to this condition. Sherrington’ says that the 
division of the anterior cerebellar peduncles and the cortico- and 
thalamo-pontine fibrés produces decerebrate rigidity, a condition closely 
resembling that obtained by removal of the cerebellum, a fact which 
lays stress on the importance of the cerebro-cerebellar circuit as a factor 
in the cerebellar action. 

Now the efferent channels of this circuit are the afferent nerves and 


1 Sherrington. Schifer’s Physiology, u. p. 908. 
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tracts of the cord, the Vth and VIIIth nerves acting through the 
cerebellar cortex, the corpus dentatum, the anterior cerebellar peduncle 
to the crossed rubro-thalamic nuclei, and the crossed cerebral cortex. 

The efferent channel is the cortico- and thalamo-pontine fibres — 
and the ponto-cerebellar fibres which have their nuclei in the half of the 
pons contralateral to each cerebellar hemisphere. In these experiments 
the superior cerebellar peduncles only were divided. The — was 
performed under anesthesia in the following way: 

The posterior part of one cerebral hemisphere was exposed and 
drawn forwards and upwards from the tentorium, which was thus 
exposed ; in other cases to avoid any traction the posterior part of the 
hemisphere was excised. The tentorium was separated from its attach- 
_ tents by a small sharp chisel and removed with as little disturbance as _ 
~ possible. The posterior corpus quadrigeminum was thus exposed, was 
separated from the cerebellum, and the superior peduncle was divided 
in the interval between these structures. In all cases, no matter how 
gently the tentorium was removed, rigidity followed this removal. As 
before, it was bilateral and usually most marked on the same side, tite 
occasionally the contralateral rigidity was greatest. _ 

The separation of the cerebellum from the posterior corpora 
quadrigemina also further increased the rigidity following removal of 
the tentorium. 

The effect of division ‘of the anterior cerebellar peduncle was that the 
rigidity only became slightly increased on both sides. In several cases 
_ the contralateral rigidity was more marked than the homolateral. 

The resulting rigidity was usually not very intense, and was always 
increased by subsequent transection of the mesencephalon i in front of 
the line of division of the superior peduncle. In one case in which the 
" peduncle was merely scratched marked bilateral rigidity occurred. In 
another case the division of the peduncle was followed by flexor rigidity 
on the same side and extensor rigidity on the opposite; the flexor 
rigidity, however, was only temporary and gave place to the usual 
extensor rigidity. 

It thus appears that the mere removal of the tentorium causes 
bilateral extensor rigidity, which is increased by manipulation of the 
cerebellum and mescencephalon, and still more by division of the 
superior peduncle of the cerebellum. 

Removal of the tentorium cannot directly affect the peduncles, since 
they are completely protected by the close adhesion of the anterior 
part of the cerebellum and the posterior corpora quadrigemina. 
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In two cases, one a cat, the other a dog, fairly well-marked bilateral 
rigidity occurred with most marked homolateral effects as the result of a 
superficial incision into the side of the left crus, nrc some fibres of 

_ the cerebro-pontine tract were divided. 

Again, from the previous results mentioned above relating to the 
production of unilateral rigidity, it is seen that in order to produce 
contralateral results the division must be made far forwards immediately 
in the region of the anterior corpus quadrigeminum, that is, the tract 
whose division causes the rigidity decussates anterior to the decussation 
of the superior cerebellar peduncles. 

Taking these results together it would appear that as far as decere- 
brate rigidity is concerned the cerebellum does not exercise a marked 
controlling function over the opposite thalamus by way of the anterior 
peduncle; division of this afferent channel of the above-mentioned 
cerebro-cerebellar circuit is only slightly if at all concerned in the 
production of decerebrate rigidity. The question then arises as to the 
action exercised by the optic thalamus on the opposite cerebellar 
hemisphere by way of the afferent channel above described, as is 
evidenced by unilateral lesions in decerebrate rigidity. 

As has been shown above the usual result of unilateral mesencephalic 
transection is the production of homolateral rigidity with much less 
marked contralateral rigidity; almost pure contralateral rigidity only 
occurred when the lesion was far forwards, From these results it would 
appear that it may be possible that the contralateral effect in the case 
of unilateral transection of the mesencephalon below the level of the 
anterior corpora quadrigemina is due to the abolition of a continuous 
cerebral control upon the opposite cerebellar lobe by way of the thalamo- 
pontine and ponto-cerebellar tracts, but it must also be remembered 
that it has been shown that some of the mesencephalic descending 
tracts from the region of the red nucleus have a set of fibres which do 
not decussate. 

The conclusion that therefore appears to follow is that the inhibitory 
influence descends. from the optic thalamus, and is mainly exerted 
directly upon the anterior cornual cells of the opposite side along a 
tract which decussates in the anterior part of the mesencephalon ; and 
on the homolateral cells, along the part of the tract which does not 
decussate. 

In the course of these experiments it was shown that removal 
of the tentorium, removal of the vermis, and bisections of the 
vermis produced an extensor rigidity exactly like decerebrate rigidity. 


4 
83 
4 
a 
oft 
7 
> 
Wer 
f 
< 
- 
q 
' 
¢ 
q 
i, 
: 
4 
Py 
ye 
Re ond 
4 
Pe 
4 
3 
‘ 
¥ 4 
: 
a 
4 
F 


368 


- Removal of part of one lateral lobe of the cerebellum also produced 
bilateral: extensor rigidity; when however the whole of one lateral lobe | 
was removed the rigidity on the same side was very slight or completely 
absent. This latter result differs from that which occurs when the 
animal recovers from the anesthetic. The animal then developes 
bilateral. rigidity, most. marked pscyeccsccasnt i This rigidity comes out 
especially on exertion. 

In monkeys, however, Ferrier’ has shown that on the homolateral 
side there is no rigidity, but the forelimb is flexed and flaccid. The 
difference in these animals and between animals which are and are not 
under anesthesia appears to be due to the different degrees of indepen- — 
dent activity of the anterior cornual cells in cats and monkeys when not 
under anzsthesia, and the depression of their activity by anesthesia. In 
these experiments the absence of homolateral rigidity was due to removal 
_ of the Deiter’s control; in the animals not under anesthesia the rigidity 
in the homolateral side may be partly due to the anterior cornual cells 
- the paralytic thalamic hyperactivity as suggested by Sherrington. 

. The question then arises as to the cause of the extensor rigidity 
which occurs after cerebellar ablation, and the cause of iy —— 
effect after unilateral ablation. ; 

The condition cannot be an irritative one since it is sha reverse of 
_ that obtained by stimulation of the cerebellar peduncles, and again the 
removal was always performed by a clean incision. Sharply cut incisions 
always produce paralytic effects in other parts of the nervous system. _ 

Sherrington* suggests that these results with the other transitory 
phenomena following cerebellar ablation may be due to paralytic over- 
activity of the centres in the posterior part of the optic thalamus due to 
removal of the cerebellar control. He points out that with each variety 
of cerebellar lesion there is repeated the same class of effects; effects 
which can be produced by stimulation .of the posterior part of the 
thalamus. 

The difficulty of regarding this as the whole solution appears to lie 
in the’ fact that the division of the superior peduncle has very little 
immediate effect as regards rigidity, and that this rigidity is greatly 
inereased by division of the mesencephalon higher up, by which, as has 
been shown above, tracts which come from the thalamus are divided, and _ 
the tracts whose division causes rigidity are not the thalamo-pontine 
1 Ferrier. Brain, xvi. p. 1. 1894. 

* Sherrington. Schiifer’s Physiology, 1. p, 907. 
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_». Hence the rigidity while under the anwsthetic cannot be due to a 
paralytic hyperactivity of the thalamic centres. 

It appears possible to explain the rigidity occurring after mesen- 
cephalic section and cerebellar ablations in the following way. 

The thalamus has been shown to exert a continuous inhibitory control 
over the anterior cornual cells of the opposite side’ by way of the crossed 

thalmo-spinal tract. 

Deiter’s nucleus appears to exert a continuous adjuvant influence 
on the homolateral anterior cornual cells by way of the Deiter’s spinal 
tract. Section of this tract causes the homolateral abolition of rigidity 
due to mesencephalic transection. The cortex of the cerebellar hemi- 
spheres and vermis normally exerts an inhibitory control over the Deiter’s 
nucleus of the same and opposite sides, but most over the homolateral 
one. In support of this latter part are the following observations. 

Sherrington’ and Liwenthal’® have independently shown that 
stimulation of the dorsal surface of the cerebellar hemispheres over a 
large area from the mesial part onwards and the vermis causes a re- 
laxation of rigidity due to previous mesencephalic transection. The 
relaxation is more marked homolaterally. Ferrier® and Russell* have 
shown that fibres from the vermis degenerate towards the vestibular and 
Deiter’s nuclei. Removal of the vermis causes marked extensor rigidity, 
which can be explained by the removal of the control over the Deiter's 
nuclei. Similarly bisection of the vermis causes bilateral rigidity just 
like decerebrate rigidity. This is of very short duration, and can be 
explained by depression of function, to shock, and vascular lesion. Both 
the above results have been obtained during the course of these 
experiments. 

On this assumption the rigidity following cerebellar ablation can be 
explained. Removal of the greater part of a hemisphere causes rigidity 
since the cerebellar cortical control is cut off. Removal of Deiter’s 
nucleus as well causes the rigidity to remain on the Pecan side, with 


_ Yelaxation on the homolateral side. 


~ The rigidity due-to removal of the tentorium can n be also explained 
in this way. The removal interferes with the vascular supply of, and 
causes shock to, the cerebellar cortical cells and so the Deiter’s influence 
18 uncontrolled. No fibres however have been seen to go from the dorsal 


. } Sherrington. This Journal, xx. p. 26. 

_ * Léwenthal and Horsley. Proc. Roy. Soc. uxt. p. 20. 1897. 
* Ferrierand Turner. Proc. Roy. Soc. 743, 1893. Phil. Trans, cv. 
* Russell. Proc. Roy. Soc. p. 57. 1894. 
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part of the cerebellar cortex towards Deiter’s nuclei, but the suiiel may 
be exerted through stations in the pons. 

Then as far as decerebrate rigidity is concerned it would appear that 
the hypothesis of Dr Hughlings Jackson is upheld. The thalamo-spinal 
system is the tract along which the inhibitory influence normally exerted 

' upon the anterior cornual cells passes, and the Deiter’s spinal tract is that 
along which the adjuvant influence normally is transmitted. It would 
however appear further that the cerebellum normally exerts an inhibitory 
influence on the Deiter’s nucleus since removal causes rigidity. These 
experiments also show that the cerebellar influence is exerted mainly 
upon the muscles working the larger joints and is mainly extensor. 

The results, however, differ from the hypothesis in that the arms 
are more affected than the legs. 

The results are in accordance with the results of clinical and 
pathological observations. Bastian’ and Bowlby? have shown that in 
man with complete transverse lesions of the cord rigidity and increased — 
reflexes do not occur, but that the resulting paralysis is a flaccid one 
and the knee jerks are absent. In these cases the cerebellar influx is 
cut off from the anterior cornual cells. In animals, however, this does 
not occur, for in them after complete transverse division of the-spinal 
cord rigidity and increased reflexes occur. The difference between the 
results obtained in animals and man is due to the great degree of 
independent vitality of the anterior cornual cells in animals. This has 

been demonstrated by Ferrier and Goltz. The latter in fact even 
succeeded in teaching dogs on whom transection of the cord in the mid- 
dorsal region had been performed to walk with their hind limbs. In 
animals after transection of the cord in the mid-dorsal region the knee 
jerks now become increased ; in monkeys, however, the knee jerks only 
come back 7—10 days after the operation, the independent seeriad of 
the cord being much less than in the dog or cat. 

The difference therefore between the results in man and incl 3 1s 
wholly due to the difference in the independent vitality of the cord. _ 

In these experiments it was also seen that the independent vitality 
of the anterior cornual cells of the cat is very great, since after transection — 

below the calamus scriptorius a fair amount of tonus was present in the 

muscles, and in some cases the tail, where it was not previously elevated, 
became erect and stiff. | 

During the course of these experiments it occasionally occurred that 
. 1 Bastian, loc. cit. supra, 

Bowlby, loc. cit, supra. 
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transection of the mesencephalon produced a primary flexor rigidity 
which subsequently gave place to an extensor rigidity. 

In some cases also when Deiter’s influence was completely removed 
by transection at the level of the trapezium the extensor rigidity gave 
place to a very marked flexor rigidity ; the animal was crouched up, the 
back was arched, the head and neck drawn in, the limbs were flexed and 
drawn up under the animal, and a good deal of traction had to be 
employed to overcome the flexor spasm. : 

The following summary can be drawn from the examination of the 
above phenomena. 

1. Decerebrate rigidity is not due to removal of a cortiont influence, 
but a thalamic one. 

2. Decerebrate rigidity does not appear to be caused by division of 
the anterior cerebellar peduncle. 

3. The thalamic influence is transmitted along a tract which 
decussates high up in the mesencephalon. ? 

4. The rigidity is abolished by complete removal of a cerebellar 
hemisphere or by division of the Deiter’s spinal tract. The abolition is 
unilateral. 

5. The maintenance of the reflex arc is necessary for the existence 
of rigidity, since division of the ‘afferent nerve abolishes it or prevents 
its occurrence. 

Division of the afferent tracts in the cord has no influence. 

6. Rigidity can be inhibited by stimulation of the cerebral cortex 
or cerebellar cortex. Stimulation of the cerebellar cortex inhibits the 
condition, on both sides, but chiefly homolaterally. 

4. Rigidity is uninfluenced by previous degeneration of the pyramidal 
tracts. 

8, The rigidity is extensor and affects the trunk and girdle muscles 
especially. 

9. A rigidity like decerebrate rigidity occurs after removal of the 
tentorium, division of the superior vermis. 

10. A rigidity like decerebrate rigidity but most marked homo- 
laterally occurs under anesthesia after partial unilateral cerebellar 
ablation. 


b. The Knee Jerks. 


Seeing the effect of the removal of the cerebellar hemisphere and 
Deiter’s nucleus on the condition of decerebrate rigidity, it was thought 
interesting to note the changes in the knee jerks after removal of the 
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_ cerebellar hemisphere in successive slices and also after section of the 
superior cerebellar peduncle. The experiments were performed on dogs — 
and cats. | | | 
Russell’, experimenting on dogs, has shown that removal of one . 
cerebellar hemisphere, the removal in some cases involving and in others 
leaving Deiter’s nucleus intact, produces immediately, if the anzsthesia 
be not too deep, a marked increase in the knee jerk of the homolateral 
side, and a diminution of the contralateral. The increase on the 
homolateral side in his experiments was so marked as to give rise to 
clonus and tonic extension on tapping the tendon. 

He further showed that removal of the homolateral cerebellar 
hemisphere caused a further increase in the knee jerk which had 
already been exaggerated by previous removal of the contralateral cere- 
bral hemisphere ; and if the cerebral hemisphere was removed on one 
side, to give rise to exaggerated reflexes on the contralateral side ; 
removal of the cerebellar lobe on the same side as the cerebral 
removal gave rise to a great diminution in the increased jerk. __ 

Removal of half of the posterior part of the vermis gives rise to an 
increase in the knee jerk of the same side. 

_ Ferrier* noted that removal of one cerebellar hemisphere produced 
increased knee jerks, but he was unable to detect any difference on two 
sides. He experimented with monkeys. 

Russell*® mentions the fact that when experimenting with monkeys 
the same marked increase in the knee jerk is not obtained after cerebellar — 
ablation, as it is with dogs. ) 

In the case of dogs Dr Russell's results were easily verified, viz. the 
increase of the knee jerk homolaterally and the diminution contralater- 
ally. Removing the lateral lobe of the cerebellum in successive sagittal 
slices showed that this marked change did not occur till the greater part 
of the lateral lobe had been removed. 

In cate the alteration in the knee jerks was never so marked as in 
the dog after cerebellar ablation. The most usual result was that when 
about half of one cerebellar hemisphere was removed by a sagittal section 
the knee jerks became increased on both sides; the increase was not 
usually very great. When nearly the whole lobe had been removed the 
knee jerks were usually brisker. In some cases the contralateral jerk 
was diminished. In no case _ the increase so great on the oe 


1B. Russell. Proc, Royal Soc, um. p. 480. 1898. 


2 Ferrier, loc. cit. supra; also Brain, xvu. p. 14. 1894. 
* BR, Russell, loc. cit. supra. 
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side as to give rise to clonus of the rectus on tapping the infrapatellar 
tendon. Subsequent mesencephalic transection always equalised the 
two jerks, which became still more exaggerated 1 as the result of this than 
with the cerebellar ablation alone. : 

Removal of half of the posterior part of the superior vermis always 
gave rise to an increase in the knee jerk on the same side, in — 
with the result obtained by Russell. 

Sections of the superior cerebellar peduncle just after emerging 
from the cerebellum produced in the majority of cases a marked increase 
in the knee jerk of the same side. In some cases so brisk a jerk was 
obtained that rectus clonus was elicited. In some cases, however, the 
lesion gave rise to a diminution of the homolateral jerk. In one of the 
animals there had been a lot of hemorrhage, in others a large amount of 
shock; in cases where the tentorium had been very ween removed 
the increase always took place. 

In the cases of section of the superior peduncle shes was never any 
change in the contralateral jerk. Subsequent mesencephalic transection 
equalised the jerks, but the exaggerated homolateral jerk remained moat 
the same. | 

From the results it would appear that, : 

1. In dogs removal of one lateral lobe of the cerebellum causes the 
homolateral knee jerk to become increased, the contralateral to be 
diminished, in total agreement with Risien Russell’s results. 

* 2. In cats the same operation produces bilateral increase with 
occasional instances of the.condition as in (1) above. 

This is in confirmation of Ferrier and Turner and Russell in 
monkeys. 

8. Removal of one lateral half of the posterior part of the vermis | 
causes an increase in the homolateral knee jerk, as was shown by Russell 
to occur in dogs. | 

4. The increase in the knee jerk after piecemeal phistion of one 
_ cerebellar hemisphere occurs when about more than half of the lateral 
lobe has been removed. — 

5. Section of the superior peduncle causes an increase in the homo- 
lateral jerk. , 

6. Removal of the seesced influence after comneven! of the influence 
of one cerebellar hemisphere produces a further exaggeration of the knee 
jerk. 

_ These results must be regarded as paralytic. In these experiments 
they were all made with a sharp knife and no irritation could exist after 
the moment of section. 
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As regards the production of these phenomena there are two possible 
hypotheses. One is that the cerebellar hemisphere of one side exercises 
an energising control over the opposite cerebral hemisphere, enabling 
the cerebrum to exercise a more marked control over the opposite 
anterior cornual cells. 

According | to this, removal of one cerebellar lobe or section of the 
superior peduncle should produce an increase in the homolateral reflex, 
which occurs experimentally. The hypothesis 1 is, however, insufficient, 
since it will not explain the further increase in an already increased jerk 
following removal of the cerebral or cerebellar control by subsequent 
removal of the other control. It has also been previously shown in this 
paper that as far as decerebrate rigidity is concerned the cerebellum 
does not exercise a large amount of continuous control over the opposite 
cerebral hemisphere as is evidenced by the results in the rigidity 
following section of the superior peduncle. __ 

The other hypothesis is that the cerebellum exercises a direct peavet 
over the anterior cornual cells of the same side. 

Thus removal of the cerebellar control causes an increase in the reflex 
of the same side and also still further increases a reflex already exagger- 
ated by removal of its cerebral control. It will, however, not explain the 
diminution of the contralateral jerk in dogs or the contralateral increase 
in cats and monkeys. 

The experiments quoted here show that this increase is obtained 
when a large part of one lateral lobe has been removed or when half the — 
vermis has been taken away. It does not appear that removal of Deiter’s 
influence has any further effect on the knee jerks already exaggerated 


by partial removal of a cerebellar hemisphere, 


Ferrier and Turner’, and Russell*, also noticed that the increase 
occurred in the jerk whether the Deiter's spinal tract was degenerated or 
not. It would therefore appear that the exaggeration of the jerks is not 
due to abolition of the function of Deiter’s nucleus, Therefore the facts 
as brought out by experiments on knee jerks seem to warrant the same — 
conclusion as was brought out by consideration of decerebrate rigidity, 
viz., that the cerebellar cortical cells exert an inhibitory control probably 
upon Deiter’s nucleus, and so removal of this control causes increase in 
the knee jerks of both sides; the homolateral increase being the most 
constant. 


1 Ferrier and Turner, loc. cit. 


2 R. Russell, loc. cit. Both thee papers say in wom cues he Dela’ nucleus was 
uninjured, in others not. 
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EXCITATION OF THE CEREBELLAR PEDUNCLES. 


In these experiments it was endeavoured to arrive at some idea of 
the effect of the cerebellum or the pontine nuclei and Deiter’s nucleus | 


_ by stimulating the middle and superior peduncles. With the view of 


excluding the pyramidal system and the effects of its stimulation, in 
several cases the pyramidal tracts were divided on one side or on both 
sides by transection of the cerebral hemispheres and allowing them to 
degenerate. The peduncles were exposed by removing some of the 
calvarium over the posterior part of the cerebrum, then removing the 
tentorium and part of the posterior fossa of the skull. The dura was 
turned off the cerebellum and cerebral hemisphere, the cerebral 
hemisphere was drawn upwards and forwards, and the flocculus and 
adjoining parts were drawn backwards and away from the middle 
peduncle, the anterior part of which was thus exposed. : 

_ To expose the superior peduncle the middle was cut through at its 
anterior part. This operation was a difficult one and was frequently 
attended by a large amount of shock and hemorrhage. 

Anatomy of the region stimulated. In exposing the middle 
cerebellar peduncle, the posterior corpus quadrigeminum is at the upper 
part of the area of the brain stem exposed, the crusta cerebri just comes 
in at the anterior and ventral angle, the lateral fillet occupies the 
interval between the corpus quadrigeminum and its brachium, the crusta 
cerebri and the middle cerebellar peduncle. The IVth nerve passes from 
behind the posterior corpus quadrigeminum ventralwards over the fillet 
to the base of the brain. 

During the course of the experiments the [Vth nerve was beananiiy 
stimulated and always the same result was obtained, Eten rotation of 
the homolateral eye upwards and outwards. 

Ferrier states that stimulation of the silicic corpora quadrigemina 
gives rise to barking and other cries, dilation of the pupils, direction of 
the eyeballs and head to the opposite side and upwards, retraction of the 
ears, trismus, retraction of the angles of the mouth and ears, and 
ultimately opisthotonos. 

In these experiments stimulation of the lateral aspect of the posterior 
corpora quadrigemina gave rise to no movements of the eyes or body 
movements. A cry, if there was one, could not be heard because of the 
tracheotomy. Stimulation of the fillet, however, gave rise uniformly to 


pricking and turning back and down of the contralateral ear, rotation of 


the eyes to the contralateral side, The head movements of course were 
PH, XXXII. 25 
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not examined since: the head was fixed. This result is entirely in 
accordance with the anatomical relations of the fillet and the posterior 
corpora quadrigemina, the movements being of a similar nature to those 
that would naturally occur from the stimulation of the ends of the 
contralateral auditory nerve; the animal of course turning its head and 
eyes to the side from whence the sound came and pricking the ear 
towards it to localise it. ) 
From an examination of the results obtained in this investigation it 
appears that the stimulation of the middle peduncle produces rather 
varying results as regards the ocular positions. In the majority of cases 
the movements are bilateral; when the eye of one side only was affected 
it was usually the homolateral eye, less frequently the contralateral eye 
only was affected. The usual movement was a conjugate movement 
_ towards the side of the stimulation with accompanying upward or 
downward rotation. In a few there was conjugate deviation to the 
contralateral side. As the point of stimulation is very near the lateral — 
fillet it might be assumed that these latter results were due to stimulation 
of these fibres, but the characteristic accompanying ear movements 
which occur with stimulation of the lateral fillet were not observed. 2 
In many cases nystagmus was produced, which in some cases per- 
sisted after removal of the stimulus. 

The stimulation of the superior cerebellar peduncle also produced 
ocular deviations which were most frequent in the homolateral eye. In 
some cases they were merely a repetition of those obtained by stimulation 
of the middle peduncle; in others the direction was somewhat altered, 
an upward rotation in one case being replaced by a downward in the 
other, or an inward by an outward. In some the direction was the exact 
opposite of that produced by stimulation of the middle peduncle. 

Ferrier showed that stimulation of the cerebellar hemispheres, 
flocculus, and vermis give rise to bilateral movements of the eyes, both 
eyes moving in the same direction. He also noted contraction of the 
pupil on the side of stimulation’. 

Russell? as the result of ablation of one cerebellar hemisphere 
found also that at first the ocular deviations are bilateral, but they are 
skew deviations, the homolateral eye is rotated up and out, the contra- 
lateral down and in. When only one eye is affected it is the contralateral 

eye, the eye in this case is rotated out with a varying a, a of downward. 
rotation. 


1 Ferrier, “ Functions of the Brain,” p. 187. 
* Risien Russell. Phil. Trans, 185, 8, p. 889. 
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The effects on the homolateral eye are not permanent. Russell 
showed that they pass off very soon in this eye, and after a few days 
they pass off the contralateral eye. 

The effects obtained by stimulation of the peduncles in these 
experiments are not uniformly the reverse of those of section, in some 
cases the deviation in the homolateral eye was the reverse of the results 
obtained by Russell after unilateral ablation. These experiments thus 
tend to confirm those of Ferrier and Russell, that the cerebellum 


exercises a bilateral control over the eyes. 


In all cases stimulation of the middle peduncles produced facial and 
nasal contractions. These were usually bilateral and occurred most 


- markedly on the homolateral side. 


The muscular movements elicited by stimulation of the middle 
peduncle were very definite. The pectorals and trapezii were always 
thrown into a state of contraction. The effect was as above usually 


bilateral with most. marked homolateral effects. In many cases definite 


contractions of the erector sping were noted so that the neck was drawn 
up and back, and the trunk extended. The forelimbs were always 


_ more affected by the stimulation.of the peduncle than the hind limbs. 


As before, the results were usually bilateral with the same homolateral 
preponderance, the contralateral effects were usually very slight or were 
absent. 

Stimulation of the middle peduncle produced also protrusion of the 
forelimbs, with elevation and flexion at the elbows. The paws were 
only occasionally influenced, the movement then was opening out and 
extension of the claws. In the hind limbs the movements were not 
very marked, there was usually some twitching of the thigh muscles 
of or flexion of the homolateral limb. | 

These results, especially the facial, pectoral and trapezial contractions, 


were not due to escape stimulation since they were only produced by 


the stimulation of the peduncle. 

Stimulation of the supericr peduncle was not successfully performed 
in many cases since the amount of shock produced by the operation was 
so great that stimulation produced no result. In those cases in which 
results were obtained from stimulation of the superior peduncle the 
movements were nearly the same as from the stimulation of the middle 
peduncle. Bilateral shoulder girdle and trunk muscle movements were 
obtained. The contractions as before were most marked on the 
homolateral side. In one case the animal’s body rotated towards the 
side of the stimulation, In almost all cases there were movements of 
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the homolateral forelimbs, protrusion at the shoulder and flexion at the 
elbow; movements of the contralateral forelimbs were less marked. In 
the hind limbs, movements were not frequently obtained, the homo- 
lateral limb was usually flexed. 

It is to be observed that these movements were obtained i in cases 
where the pyramidal tracts had been previously caused to degenerate on 
one, or other, or both sides, and that they were the same as when the 
tracts were intact. It must therefore be concluded that the movements 
were due to the stimulation of the cerebellar peduncles and not due to 
stimulation of the pyramidal tracts. 

From these results it appears that the cerebellum exercises a control 
over the muscles of the body and that the control is in the main exerted 
on the homolateral side, though as these experiments show the 
contralateral muscles are also influenced, but to a less degree. Again 
the control appears to be chiefly over the muscles of the trunk and body 
girdles, the finer muscles of the limbs do not appear to be much 
influenced by stimulation of the peduncles. 

It was also frequently noticed during the operations of removal of a 
cerebellar hemisphere or of section of the superior peduncle that at the 
moment of section both forelimbs were protracted, drawn up, or flexed 
at the elbows, 

These experiments do not agree with those of Binswanger’ who 
called attention to the existence in the tegmental region of the pons of a 
convulsive centre which on excitation produces convulsive movements of 
the trunk, neck, and limbs. He also said that this centre could be 
brought. into action reflexly by stimulation of the fifth nerve. Never in 
the course of these experiments were convulsive movements obtained by 
stimulation of the middle peduncle. 

Sherrington’ and Liwenthal*® have called attention to the fact 
that stimulation of the vermis and the adjacent part of the dorsal surface. 
of the cerebellum gives rise in animals which are in a state of decerebrate 
rigidity to a relaxation of the spasm, most markedly on the same side and 
in the forelimbs. This result has also been noted in the experiments, 
but in addition it has been seen that stimulation of the middle peduncle 
produces a relaxation of the rigidity which has been previously described 
as occurring after removal of the tentorium and manipulation of the 
mesencephalon and adjacent parts of the cerebellum, and which is exactly 


1 Archiv f, Psychiat, xix. 1888. 
* Sherrington. Proc, Roy. Soc, ux. p. 382. 1896. 
* Léwenthal and Horsley. Ibid. uxt. p. 20. 
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like typical decerebrate rigidity. The experiments above are 
- eonfirmed and expanded by these, and they confirm the fact that 


stimulation of the cerebellum can cause an inhibition of the spasm, 
and again the effect is chiefly homolateral. : 

When the position assumed by stimulation of the middle peduncle | 
and the immediate transitory effect of division of a cerebellar peduncle 
is compared with the position assumed in decerebrate rigidity it appears 
that the two positions are as nearly as possible the converse of one 
another, 

In decerebrate rigidity the limbs are in a position of extreme ex- 
tension, the head is retracted, the chest is frequently in a state of full 
inspiration, whereas with stimulation of the middle peduncle the limbs 
become flexed at the elbow and knee, become drawn up, the body 
becomes extended. It would thus appear that the immediate results 
following cerebellar ablations, etc., are paralytic and not irritative. 

From the study of the results of these experiments it appears that, 

1, The cerebellum is capable of — through its peduncles 
muscular movements. 

_ 2.. The movements are in the main lsisibaheedl. 

3. They affect chiefly the trunk and girdle muscles, 

4. They are independent of the pyramidal tracts. 


EXCITATION OF THE MESENCEPHALIC ‘TRACTS. 


In dealing with this subject the known descending paths in this 
region and their course may be mentioned. These are the quadrigemino- 
spinal or tecto-spinal, the rubro-spinal, the thalamo-spinal, the thalamo- 
bulbar. 

The following general results were obtained on attempting to stimulate 
these tracts. 

The brain as before was removed in slices by successive coronal 
sections, and after removal of each slice the cut surface was stimulated 
with electricity, and as before the animal was under the influence of 
the anesthetic and the carotids had been ligatured. The experiment 
was performed both on animals in which no previous lesion of the pyra- 


- midal tracts had been made and on those in which one or both pyramidal 


tracts had been previously caused to degenerate. 
It was then found that stimulation of the cut surface of the optic 
thalamus gave no result till the section passed through the posterior 
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end of the allie Then stimulation of a large avea produced 
movements like those of locomotion. 

It was found that the homolateral forelimb was vetcasiad. while 
the contralateral limb became extended, even more than it was from the 
decerebrate rigidity due to the section. The hind limbs on the contrary 
were usually affected so that the homolateral was extended, the contra- 
lateral flexed. Sometimes both hind limbs were flexed and the trunk 
muscles involved so that there was curving of the bedy to the homolateral 
side. 

tracts were degenerated. 

In sections farther back the area which gave rise to these results was 
more localised, it was below and to the side of the posterior longitudinal 
bundle and could be traced as far as the medulla. 

The current required to bring it into action was usually weaker than 
that required to elicit pyramidal movements. Continued stimulation 

‘gave rise to a coarse clonus. 

These results therefore show that :— 

1. There is another motor tract beside the pyramidal tract. 

2. The act of walking is not wholly dependent on the cerebral 
cortical cells, but the function is subserved by basal centres. _ 

3. The centre lies in the posterior part of the optic thalamus. and in 
the mesencephalon. 

4. The centre appears to lie in the medium natlaical the thalamus, 

and the tract is the rubro-spinal tract or one that passes down with it. 
_ That the act of walking is not dependent on the integrity of the 
cerebral cortex has long been proved experimentally. These are the 
well-known experiments on the lower vertebrates, and in mammals the 
same has been shown. 

Thus aceording to Christiani, rabbits are no longer capable of pro- 

gression if the optic thalamus be removed as well as the cerebral cortex. 
_ Goltz removed the cerebral hemisphere in a dog and kept it alive for 
.18 months after the operation; the animal was able to walk restlessly 
about its cage. At the autopsy it was seen that all the cerebral 
hemispheres had been removed except the basal part of the temporal 
lobes and the cuneus, and these with the corpus striatum, the optic 
thalamus, and left colliculi were in a state of yellow softening. : 

The experiments also showed a marked difference between the 
animals in which only the cerebral cortex had been removed and those 
in which the thalamus had been removed as well. In the former the 
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animal appeared to be able to perform apparently spontaneous 
movements, which also appeared to be rhythmically repeated. These 
actions were probably not spontaneous, but reflex responses to 

excitations of the retinz and auditory nerves, and it would appear that 
if the centre were once set in action it would g on automatically till 
the animal was exhausted. 

In the case of animals in which decerebrate rigidity has been caused 
by transverse sections of the mesencephalon Sherrington has shown 
that reflexes can be obtained which actuate the trunk, neck, and limbs 
as a whole and treat them as parts of a single motile apparatus. He 
concludes that there must exist behind the diencephalon a nervous 
mechanism which can co-ordinate the action of the great regions of the 
skeletal musculature, and the character of the combined movements leaves 


little room for doubt that the combination is subservient of quadrupedal _ 


- progression. The movements thus obtained have a diagonal relation; if 
the arm of one side is flexed the contralateral hind limb is flexed, and 
the other two limbs are extended. These movements are exactly like 
those obtained by stimulation of the tract above described. In the 
course of the experiments on decerebrate rigidity this experiment was 
also performed and the above results were obtained. It was found that 
the reflex could best be obtained when the section was far forwards, 
when it was made farther behind the reflex did not spread to the hind 
limbs but was only obtained in the forelimbs. In - these cases the 
long latent period was very marked. 


From the consideration of the results of the experiments discussed 
above, the following summary and conclusions may be drawn: 
| 1. The optic thalamus contains in its posterior part on each side a 
centre which controls the co-ordinated movements of walking. 

It is possible that some of this centre extends to the corpora 
quadrigemina. 

The path by which control is effected appears to be the thalamo- 
rubro-spinal. 

The function of this tract is quite independent of that of the 
pyramidal tracts since the centre and tracts cause the same movements 
when the pyramidal fibres are completely degenerated on one or both 
sides. | 


1 See also the summary at the end of each section. — 
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_ This observation confirms those obtained by Probst, Starlinger, 
_ and Rothmann, who obtained movements in the limbs on os 
the cerebral cortex after complete pyramidal degeneration. 

It also confirms the results of the co-ordinated reflexes obtained by 
Sherrington in cases of decerebrate rigidity. 

2. The optic thalamus exerts an inhibitory control over the opposite 
anterior cornual cells. The path along which this control is exerted 
decussates high up in the mesencephalon and is egrets along the 
thalamo-rubro-spinal tract. 

3. The optic thalamus does not appear to exercise any marked 

continuous control over the opposite cerebellar hemisphere by way of the 
thalamo-pontine, ponto-cerebellar fibres. 
_ 4 The cerebellum does not appear to exert a continuous controlling 
function on the opposite optic thalamus by way of the superior peduncle, 
and results so interpreted may be really due to injury of the deeper 
mesencephalic spinal tract. : 


5. The cerebellar cortical cells appear to exert an inhibitory action 
over Deiter’s nucleus of both sides, but the effect is most marked 
—homolaterally. 

6. Deiter’s nucleus appears to exercise a continuous adjuvant action 
on the homolateral cornual cells along the Deiter spinal tract. This 
action is normally kept in check by the cerebellar cortical cells, since 
- removal or depression of the function of these cells causes rigidity to 
occur, 

Stimulation of these cells causes the relaxation of pre-existing 
rigidity. . 

7. The cerebellum through its peduncles governs the skeletal 
muscles and is capable of producing movements. The control affects 
both sides of the body, but the homolateral control is the most — 
- important. The muscles especially affected are the trunk muscles and 
the girdle muscles. 

_ 8. For the maintenance of the tonus of the muscles the reflex arc 
is necessary. The ascending spinal tracts do not appear to be necessary. 

From these results it is again proved that movements of great 
complexity such as those of progression can be carried out in the absence 
of the cerebral cortex altogether, and that this mechanism exists in the 
optic thalamus at its posterior part. The muscular mechanisms thus 
centred together are of wide spatial distribution and employ the limbs 
of both sides and the trunk, thus differing from the highly specialised 
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cerebral cortical mechanisms which —? much more limited groups , 
of muscles, 
The broad structural linkage of the cerebellum with the thalamus 
according to these experiments appears to function in keeping those two 

important structures in co-ordination. — 

In conclusion I have great pleasure in thanking Sir Victor Horsley 
for his constant advice and assistance during this —— which 
also owes its — to him. 


APPENDIX}. 


It was always observed that the movements produced by faradisation 
of the mesencephalic tracts were much coarser and slower than those 
obtained from pyramidal excitation. The movements were also elicited 
with a weaker current than that necessary to produce movements by 
stimulation of the pyramidal tracts. 

In the cases of rigidity the forelimbs were always more affected than 
the hind limbs. 

In cases where the rigidity was less marked, it was noticed that in 
the forelimb the rigidity was present in the triceps and not in the 
biceps, and in the hind limbs the mass of the vasti was especially 
affected. 

In the course of these experiments it was frequently noticed that 

the respirations became affected. 
| Division of the mesencephalon frequently produced exaggeration and 
acceleration of the respirations. 

A similar result was obtained by stimulation of the cut surface of 
the mesencephalon and of the middle cerebellar peduncle. 

In some cases of decerebrate rigidity the chest was in a position of 
full inspiratory spasm, the animal being in an apneic state for some 
time, the heart continued to beat quietly, then respiration would take 
place at long intervals till normal quiet respiration was established. 

During the course of these experiments other structures were 
stimulated with very definite results. — 

In all cases where the mesencephalic tracts were stimulated the 
posterior longitudinal bundle was stimulated, In no case did stimula- 
tion of the distal end of the cut bundle give rise to any movements. 
According to Ramén y Cajal and Van Gehuchten the mesial longi- 
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. tudinal bundle is in part a descending path from visual and auditory 4 
centres to the spinal cord subserving especially cervical motor | 
mechanisms. 

_ In several cases the posterior end of the ventricular surface of the 
optic thalamus has been stimuldted. No movements of the limbs were 
obtained, head movements could not be observed owing to fixing of the 
head. In all the cases horizontal nystagmus occurred to the side 
opposite the stimulation. 

In other cases in the experiments in which sblinilbiice of the middle 
peduncle has been performed, the lateral fillet was stimulated. The 
results were conjugate movements of the eyes to the opposite side, 
pricking and turning the opposite ear down and out. 
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THE CHANGES IN THE VISCOSITY OF THE BLOOD 
DURING NARCOSIS'. By R. BURTON-OPITZ. 


(From the Physiological: Laboratory. of Columbia University, ab the 
College of Physicians and Surgeons, New York.) ; 


THE question, whether the narcosis produces noticeable changes i in the 
viscosity of the “living ” blood, has been answered by me in part in an 
earlier paper’. I determined at that time the viscosity of the blood in 
a rabbit before and after the administration of morphine and a mixture 
of chloroform and ether. This experiment showed unmistakably that 
the viscosity of the blood is not altered by the narcosis. If any changes 
did result in the course of this experiment, they were too insignificant to 
be recognized by the method employed. 

The determinations to be reported in this paper, concern the changes 
in the viscosity of the blood which occur during light and deep narcosis 
produced by morphine and ether or by morphine and chloroform. The 
_ @xperiments were performed upon dogs in accordance with the method 
described by Hiirthle®. 

The coefficients expressing the viscosity are obtained by calculation. 
For this purpose it is essential to know the following factors: the 
quantity of blood collected during a definite period, its specific gravity, 
the blood-pressure, and the length and internal diameter of the capillary 
tube. The values thus obtained are subsequently compared with the 
coefficient of the viscosity of distilled water at 37°C. which, according to 
Poiseuille, is 4700. Hence, the viscosity of the blood is expressed in 
this investigation in terms of multiples of the aforesaid coefficient (denoted 
by K) for distilled water at 37° C. 

Two capillary tubes, A and B, were employed in these experiments. 
The former measured 245°5 mm. in length, the latter 213°0 mm. The 


1 This study was conducted under a grant from the Rockefeller Institute for Medical 

? Burton-Opitz, R., Archiv fiir die ges. Physiol, uxxxu. p. 448. 1900. 

* Hiirthle, K., Archiv fiir die ges. Physiol. uxxxu. p. 415. 1900. ee 
of the method is also given in this Journal, xxxu. p. 8. 
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internal diameter of A was 0°6636 mm.; that of B 066362 mm. 
The accuracy of these tubes was tested by a number of preliminary 
experiments with distilled water. In order that the unavoidable varia- 
tions between the different determinations might be reduced to a 
minimum, only one capillary was used during a given experiment. 

The method followed in each experiment was as follows :—Excepting 
two, all the animals to be used received small doses of morphine, one 
half-hour before the first determination began. They were then 
narcotized either with ether or with chloroform. It must be pointed 
out, however, that the degree of narcosis was not kept the same, but was 
changed after each determination. Thus, if the first determination had 
been made during deep narcosis, the second determination was made 
during light narcosis, and so on. The different determinations were 
separated by intervals of from ten to fifteen minutes, during which the 
capillary tube was cleaned and readjusted. The corneal reflex served as 
an indicator of the depth of the narcosis. 

The results of the experiments are given in detail in Tables I and II. 
The first table represents five experiments with ether, and the second 
three experiments with chloroform. The different determinations of 
each experiment are numbered and are marked in addition with the 
letters D and JL, indicating thereby whether the determination was 
made during deep (D) or during light (Z) narcosis. Among other details, 
the tables also contain the weight of the animals, the amount of morphine 
administered, the rectal temperature at the beginning of the experiment 
and the specific gravity of the blood. The latter was obtained by means 
of small pycnometers during deep as well as during light narcosis. As 
many as four determinations of the specific gravity were made in the 
course of each experiment. 

‘When the coefficients given in these tables are compared with one 
_ another, it is seen that their value changes in a very precise and regular 
manner, They become larger when the narcosis is lessened, and smaller 
when the narcosis is deepened. In other words, the viscosity of the blood 
does not remain constant during narcosis. It is increased by deep and 
 Jessened during light narcosis. Naturally, perfectly regular variations 
could not be obtained, no method existing by means of which the degree 
of narcosis could be rendered absolutely equal during two alternate 
determinations. 

Considered collectively, these differences in the viscosity during light 
and deep narcosis cannot be considered of great importance, and the 
changes which result from the administration of moderate doses of 
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morphine and ether or morphine and chloroform must at most be 
extremely slight. In only a few instances did the difference amount to 
more than sixty points. For example, in experiment 3, Table I, the 
coefficient amounted to 997 during light and 942 during deep narcosis. 
This implies that, in this case, the viscosity of the blood during light _ 
narcosis was 47 times as. great, and during deep narcosis 50 times as 
great as that of distilled water at 37°. 

The specific gravity of the blood also showed regular variations. The 
specific gravity was increased by deep and lessened by light ether narcosis ; 
the changes i in the specific gravity pursue in this case a parallel course to 
those in the viscosity. During narcosis from chloroform the inverse 
relationship was found to exist, a slight decrease in the specific gravity 
being noticeable during deep chloroform narcosis; hence the specific 
gravity cannot be regarded as a perfectly sure inde of the viscosity. 

The mean value of K obtained from the eight experiments reported 
is 908. The mean viscosity of dog’s blood is, therefore, 5°5 times as great 
as that of distilled water at 37°C. 
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on THE ANTITRYPTIC ACTION OF SERUM-ALBUMIN. 
By S. G. HEDIN. 


(From. the Lister Institute of Preventive Medicine, London) 


It is well known that normal serum has a decided antitryptic action, 
which has been proved to be attached to the albumin fraction 
(Landsteiner’, Cathcart’). On studying the effect of serum-albumin 
upon tryptic digestion I have found that the conditions under which the 
antitryptic effect appears are in many respects the same as for the 
antitoxins, and therefore the results may perhaps be of some general 
interest. 

The trypsin used was prepared by digesting ox pancreas with water 
in presence of chloroform and toluol for two days, filtering, digesting 
the filtrate for some days and dialysing away the products of digestion. 
The serum-albumin was prepared with ammonium-sulphate and 
dialysed free from salt. The experiments were carried out as follows. 
A certain volume of a 2°5°/, solution of casein in 0°1°/, Na,CO, 
was digested at 37° for 24 hours in one specimen with trypsin and 
_ antibody, and in another with the same amount of trypsin and a 
volume of water equal to the volume of antibody solution added to 
the first specimen. The amount of digestion was determined by 
precipitating with tannic acid and estimating the nitrogen in equal 
volumes of the filtrates’. The specimen without antibody gives more 
digestion than the one with antibody, and the difference corresponds to 
the effect of the antibody used. As antiseptic toluol was used. 

In the first instance I have tried, whether the order, in which the 
acting substances—casein, trypsin, antibody—are mixed together has any 
influence upon the result of the digestion. 


1 Centralbl. f. Bakt. xxvu. p. 357. 1900. 
? This Journal, xxx1. p, 495. 1904. 
This Journal, xxx. p. 156. 1903. 
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Exp.1. The specimens contained 100 c.c. cas. tryps. + 5 


agents were mixed at room temperature in the order indicated for each specimen. 8S én. 
of 10°, tannic acid sol. and 100c.c. of filtrate were taken for each estimation, The 
acid required for neutralising the 


Without antibody. 8°55 
Cas.—tryps.—antib. (added after 1 hour) 3-05 
Cas.—antib.—tryps. (added at once) 
Cas.—antib.—tryps. (added after 1 hour) | 29 
Cas.—(tryps. +antib.) (mixed and added at once) meee & |) 


Cas.—{tryps. +antib.) (mixed and added after 1 hour) 0-95 


Evidently it is indifferent in which order the agents are mixed as 
long as the trypsin and the antibody are added separately to the casein. 
If they are mixed before they are added to the casein the on is 
decidedly less than if they are added separately. — 


Exp. 2.. 100c.c. cas.+15.¢.c. tryps.+5 Trypsin and antibody were 


mixed and kept at. room temperature as indicated for each specimen before they were 
added to the casein. 50 ¢,c. tannic acid sol. and 100 ,c. filtrate were taken for each 
Without antibody 


Trypsin and antib. added separately - 10-95 
mixed and added at once 9°2 
” ” ” after 15 mins. 74 
” ” ” ” 30 ” 6°4 
” ” ” ” Lhour 5°65 
” ” ” ” », 2 hours 4°85 
” ” ” ” » 8 4°85 


Exp. 3. 250 ¢.c. cas.+306¢.c, tryps.+5 c.c. Trypsin and antibody were 


mixed and kept at room temperature before being added. 125 ¢.0. tannio acid and 300..¢. 
filtrate were taken for each determination. 


Without antibody 25°0 
Tryps. +antib, mixed and added at once 22°8 
” ” ” ” ” after 5 mins. 20°35 
” ” ” ” ” » 10 ,, 19°65 
” oo) ” ” ” ” 15 ” 19°25 
” ” ” ” ” » 5; 189 
” ” ” ” ” 18°6 
” ” ” ” ” 45 17°95 
” ” ” ” ” ” 24 hours 179 


Exps. 2 and 3 clearly bear out the fact, that when trypsin and anti- 
body are mixed neutralisation of the former takes place gradually and up 


PH. XXXII. | 26 


% 
N 
4 
a 
| 
4 
} 
if 
c 


392 8. HEDIN. 


toa certain endpoint. Therefore a certain amount of antibody neutralises 
a certain amount of trypsin. The amount neutralised depends very 
much upon the temperature at which the mixture is kept, as shown by 
the following experiments. 


Exp. Two specimens each containing 50¢.c. tryps.+10¢.c. antib. 
and kept one at 22° and the other at 87°. After the expiration of the intervals of time 
recorded below, 5 ¢.c. of the mixtures were added to 25 c.c. cas,, whereupon the resulting 
fluid was digested at 87° for 24 hours. 15 ¢,¢. tannic acid and 25 ¢.c. filtrate were taken 
for each estimation. 


Without antibody | 16°65 

Trypsin and antibody added separately 7°65 

Trypsin and antibody mixed and kept before being added : 

| at 22° at 87° at 22° star 
15 mins. 505 8465 14 hours 4°25 2°65 
30. ,, lost 8:10 4°06 25 
45 4°55 29 2 8°85 2°35 
Lhour 4°45 2-75 87 2-8 


Exp. 5 was carried out with the same agents and in the same way as Exp. 4, only some 


days later and with less antibody. cl ho erg 50 c.c. tryps. +5 c.c. 
antib. +5¢.c, H,O. 


Without antibody 15°65 
Trypein and antibody mixed and keyt before being edded: 


at'sT° at 20° at 
15 mins. 9-05 6-4 2 hours 8-05 4°8 
80 ,, 8-75 5°75 4-6 
1 hour 8-4 5-15 4°65 
Aphours 8-1 4°8 


At different temperatures therefore different amounts of trypsin are 
neutralised by the same amount of antibody, the amount of trypsin 
neutralised being larger for a high temperature than ‘for a lower. 

The following experiments will throw some light upon the question, 
whether a state of neutralisation corresponding to one temperature can 
be changed by changing the temperature. 


Exp. 6. Two sets of specimens each containing 26 ¢.c. tryps. +5¢.¢. (antib. +H,O)! 
were kept at different temperatures as recorded and after intervals of time indicated 5 c.c. 
of the mixtures were added to 25 c.c. of casein, whereupon the resulting fluid was digested 
at 37° for 24 hours and the amount of digestion tried as before. One set was mixed and 
Kept ab foe days, then 7° for hours, and then again at 0° for 9 days. 


T express z) of water 
_ Were added. 
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1-26¢,0. antib. 18°85. 12°65 18-05 11°75 
83 lost 7°55 55 5°45 

| The other set was mixed and kept at 87° for 8 hours, and then at 0° for 4 days. 

then 1 day | 

8 hours at 87° at 0° 2 days at 0° 8 days at 0° 4 days at 0° 

1-25 c.c. antib, 11°5 11-05 11°23 115 11°75 
8°35 8°30 8:35 85 8°5 
5 1°85 1°85 85 1°85 


Exp, 7. Specimens all containing the of teypein and of antibody were 
kept as recorded and then their digesting power was determined as in Exp. * 


Without antibody 18. 


hours at 15° 20 hours at 
then 24 then 
at 16° ats then at 87° hours at 0° then at 87° hours at 0°’ 
ghour 110 15 9-7 9-7 
109 6-75 9°45 9°5 9-45 9°45 
1phours 10-75 6-45 9°8 9-55 9°85 9°25 


ee 10°7 6°10 9°25 9°38 9°25 9°25 


From Exps. 6 and 7 the following inferences can be drawn : 

Trypsin which has been neutralised at a high temperature is not 
activated again on lowering the temperature. A certain amount of anti- 
body having neutralised its due amount of trypsin at a low temperature, 
will neutralise more if the temperature is raised. The amount of trypsin 
thus neutralised may reach the amount neutralised if the mixture had 
been kept at the higher temperature at once (Exp. 6 with 1°25 and 5c.c. 
of antibody), but very often it does not’ reach that amount (Exp. 6 with 
2'5 c.c. of antibody, Exp. 7). A mixture of trypsin and antitrypsin, kept 
at first ata low temperature and then at a higher, will not return to the 
first state of neutralisation if the temperature is lowered again. 

The experimetits are being continued, and the theoretical discussion 
of the results must be postponed till more particulars have been 
obtained. 


SUMMARY. 


1. If trypsin and antitrypsin are to be added separately to the 
substrate, then it is indifferent in which order they are added (Exp. 1). 
2. If trypsin and antitrypsin are mixed before they are added to 
the substrate, then the neutralising effect of the antibody is larger than 
if they are added separately. The longer the mixture is kept before 
26—2 
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being added to the substrate, the greater up to a certain point is the 
amount of trypsin neutralised (Exps. 1, 2, 3, 4, 5). 
8. This maximum amount of trypsin, which the antibody is capable 


of neutralising under the conditions observed, is different for different 


temperatures, the antibody neutralising more trypsin at a high tempera- 
ture than at a lower (Exps, 4, 5, 6, 7). 

4. Trypsin neutralised at a high temperature is not even partly 
activated on lowering the temperature, whereas the amount of trypsin 
' neutralised by a certain amount of antibody increases on raising the 
temperature. | | 

5. The amount of trypsin neutralised when the mixture of trypsin 
and antitrypsin is kept at first at a low temperature and then at a 
higher does not always reach the amount neutralised when the mixture 
is kept at the higher temperature at once (Exps. 6, 7). 
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THE CILIOSCRIBE, AN INSTRUMENT FOR RECORD- 
ING THE ACTIVITY OF CILIA. By W. E. DIXON, 
M.A., M.D., O- INCHLEY, M.A. M.D. (Four Figures in the 
Text.) 


(From the Pharmacological Laboratory, Cambridge.) 


DuRING the course of an investigation on ciliary motion and the varia- 
tions in activity which cilia undergo corresponding with the alterations 
of environment, we found ourselves hampered by the absence of a method 
which would record permanently such changes. The microscopical method 
affords no sure indication of small changes in ciliary activity, and has the 
further disadvantage that subjective influences play a part. A second 
method consists in recording the rate at which some conveniently small 
body passes over a ciliated surface which has been pinned out upon cork 
and kept moist by Ringer's solution. The velocity of movement of the 
object can be observed directly, but the method is open to the following 
objections, (1) The observations are intermittent, and it is sometimes 
difficult to show the initial effect of a drug. (2) The surface is apt to 
clog with mucus, which adhering to the object renders its movements 
erratic. (3) Drugs must be applied upon the ciliated side of the 
membrane. We believe it is better to apply the drugs to the non- 
ciliated side and allow them to diffuse through. 

Various mechanical indicators of ciliary activity have been devised ; 
such were the pith cylinders of Calliburces and Claude Bernard. 
Engelmann devised an instrument, the “Flimmeruhr,” which he 
claimed would record the activity of the cilia. It consisted of a pith 
cylinder placed in contact with the ciliated surface and able to revolve 
freely on its own axis. The axis carried a needle or cogged wheel so 
arranged that with every 6° of rotation an electrical contact occurred, so 
recording on a rotating drum. This and all allied methods have proved 
quite useless in our hands. We found such wheels always moved jerkily, 
very rapidly became clogged with mucus and ceased to revolve: the 
porous nature of the pith afforded a good hold for the mucus, which was — 
most difficult to remove. 
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The first instrument which we devised was a system of light levers 
so arranged as to magnify the movement of a body passing across the 
membrane. We have now discarded this in favour of the cilioscribe, but 
since it forms a very simple and convenient way of demonstrating ciliary 
movement to classes we give a very brief account of the instrument. 
A, B, Fig. 1, represents a piece of ony drawn-out glass tube, which near its 


centre of gravity, H, has a wider piece of tubing attached to it. at right 
angles and which is closed at one end, H. This is poised on a needle 
fixed vertically upon a piece of glass plate so that A, B can move in a 
horizontal plane on this vertical axis. JZ is another piece of drawn-out 
tubing held parallel to H by means of one or more connecting filaments 
of glass. Through F passes a piece of finely drawn-out glass rod with a 
minute blob at either end, one of which rests upon the ciliated membrane. 
The open extremities of HZ, F, and H are incurved, forming almost 
frictionless bearings. From a reference to the figure it is obvious that 
very small horizontal movements of this blob produce an exaggerated — 
movement of the lever B, the magnification being in the ratio of HB to 
HE. The disadvantages of this method are of course that it is not 
continuous—it is periodically necessary to bring the lever back again to 
the start; a very limited amount of membrane is employed; the 
instrument is not self-recording, and mucus tends to collect and form 
rope-like adhesions, restraining the movements of the glass blob. These 
objections were present in all our earlier experiments but we believe 
they are evaded by the instrument next to be described. 
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_ This, the cilioscribe, consists essentially of an upright spindle free to 
revolve about a vertical axis ; the spindle carries a small drum above and 
is supported upon suitable bearings below. The membrane is wrapped 
round the spindle with the ciliated surface inwards and in contact with 
it, and this being fixed, ciliary activity causes the spindle to revolve, and 
with it the drum upon which time increments are recorded. The spindle 
B (Fig. 2) is a German-silver rod, preferably covered with gold and 


spindle B. C=detachable bell-cap. D=drum. E=ebonite cylinder on spindle B. 
F=pulley wheel. H=hooks holding the ciliated membrane VM. W=weight. 


supported by the central bearing A’ below and the lateral V-shaped 
bearing A above. To its middle third an ebonite cy$inder £ is fixed. 
The lower bearing consists of a small agate cup protected from falling 
liquids by the small bell-cap C, which is removable. The lateral bearing 
above is knife-edged and composed of agate. The spindle terminates 
above in a boss carrying the detachable aluminium drum D (Fig. 2). 

The ciliated membrane M is supported by an anchor H, having four 
hooks, one for each corner of the rectangular strip of membrane. The 
hooks serve to attach the loop of membrane by a thread passing over a 
pulley F toa freely hanging weight W. The pull of W thus keeps, the 
spindle in contact with the lateral bearing. 

The pharynx and esophagus of a pithed frog afford the most suitable 
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membrane. The heart is-exposed, cut away, and the blood removed by 
absorbent wool, The lower jaw, hyoid and larynx are now removed by 
lateral incisions made from the angle of the jaw towards the laryngeal 
orifice. The stomach is next grasped by the forceps, severed from the 
intestine, and raised from the surrounding parts. The dissection is 
carried forward till the pharynx and mucosa of the palate are separated " 
right up to the posterior nares. When thus freed the stomach is cut 8 
away and the cesophagus slit open so that a rectangular strip of q 
membrane is obtained, still with natural attachments anteriorly at the Ae 
nares. At this stage two hooks of the anchor are inserted into the ” 
angles at the posterior extremity of the strip, being passed through ee 
the cesophagus from mucous to serous surface. The anchor is now 
moved forward dragging with it the strip of membrane, the remaining 
two hooks being passed through the mucosa of the hard palate 
in the same direction as before. All natural attachments are severed, 
so that the anchor now carries a loop of membrane suspended at each 
angle by a hook, without direct manipulation of the strip having 
occurred except at its extremities. 

_ The small cap C is removed from the pointed lower end of the 
spindle which is passed through the loop of membrane till the latter is 
in contact with the ebonite cylinder. The cap is then reattached and — 
the spindle placed in position on the stand with the cord passing over 
the pulley F to the weight-earrier W. The latter is loaded with shot 

_ till a slight tension is made upon the membrane. The tension should 
be sufficient to keep the spindle in contact with the lateral bearing A. 
The spindle now rotates as a whole, and when the drum is placed in 
position above, a record of the movement can be taken on smoked 

~ paper by a time-marker recording on the side remote from that of the 
lateral bearing. 

The vertical adjustment of the spindle is obtained by means of three 
' levelling screws at the base of the instrument, two spirit-levels iit 
provided, In Fig. 3 the instrument is shown in use’. 

During the first few minutes some irregularity of rotation is apt to | ! 
occur. This.is due to viscid mucus which is at first freely secreted, and . 
forming adhesions, tends to produce a jerky movement. It is for this ¥ 
reason that hooks are employed to hold the membrane open as it loops 
round the cylinder. If the ends of the rectangle are attached together — 
by cords passing directly over the pulley the collection of mucus is such 


+ This instrument is now made by the Cambridge Scientific Instrument Company. 
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as to be a serious drawback to the method. The mucus can be removed 
by means of a fine stream of Ringer's solution directed upon it, 

occasionally aided with a paint-brush. The succession of waves of 
ciliary activity in the different zones or areas of the ciliated — 
induces as a whole a uniform rotation of the spindle. 


Fig. 3. B=spindle supported by agate cup (cp. Fig. 2). @=detachable bell-cap. 
D=draum. E=ebonite cylinder on spindle B. F=pulley wheel. H=hooks holding 
the ciliated membrane M. W=weight. 


Certain precautions are necessary when employing this apparatus, 
Cleanliness is of course of the greatest importance, especially during 
a long experiment lasting several hours. The cylinder, should be 
carefully cleaned with proper saline solution and care should be taken 
that neither blood nor toxic metals (copper) come into contact with the 
membrane. The saline which we found satisfactory was as follows :— 


NaCl 06 grm. 


CaCl, 0-015 ,, 
KCl ~ 0-005 ,, 
NaHCO, 0-01 ,, 


H,0 (glass distilled) 100c.c. 
The use of tap water and ordinary distilled water is pee De 
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with such solutions the ciliary activity becomes progressively weaker. 
We have not however found that a very.fine stream of the above 
solution when allowed to. impinge on the membrane in any way 
interferes with the regularity of the movement. It is well to employ 
suitable pipettes discharging a jet through a very minute orifice. If 
the saline solution is oxygenated the movement is augmented and the 
cilia remain active for'a longer period. 

It is necessary that the strip of membrane should be of adequate 
length: if it is too short the hooks may come in contact with the 
cylinder. It is further necessary when beginning an experiment to see 
that no tags at the edges of the membrane become wrapped about the 
cylinder. It-is best to allow the edges of the strip to roll outwards 
upon themselves so as to ensure a purely ciliated surface being in 
contact with the moving spindle. Mechanical excitation of all kinds 
must be avoided, otherwise a considerable acceleration in the speed of 
rotation is induced. Temperature may be of some importance during 
a long experiment: a small increase of temperature of the saline solution 
causes a considerable increase in the activity of the cilia as in Fig. 4. 
Winter and spring frogs do not give such spennssateiad results as those of 
summer and autumn. 


_ Fig. 4. 1. Normal tracing, temp. saline=15°C. 2 Saline solution =22°C. 
- 8. Same tracing 24 hours later. Time=5 seconds. 


Fig. 4 represents a piece of tracing given by this instrument in 
which the recording lever acted every 5 seconds, The middle tracing — 
shows the effect of increasing the temperature of the saline from 15° C. 
to 22°C. Under suitable conditions the cilia will continue to rotate 
the drum for several hours. We have found the instrument satisfactory 
for investigating the action of drugs and the effects due to altered 
physical conditions, In the case of drugs the body to be investigated 
is dissolved in saline solution and applied to the serous surface of the 
membrane in the form of a fine jet discharged from a suitable — 
pipette. 

The expenses of this research were aidaebenazmee the British 
Medical Association. 
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THE ACTION OF ADRENALIN. By T. R. ELLIOTT, MA. 
George Henry Lewes Student in Physiology. (Twelve Figures in 
Text.) 
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1. THE LAW GOVERNING THE NATURE OF THE REACTION OF | 


PLAIN MUSCLE TO ADRENALIN. 


_ The paper by Langley’ attached a singular interest to the study of 
the suprarenal glands. Confirming the work of Oliver and Schafer‘, 
Cybulski', Lewandowsky‘, and Boruttau’ as regards the action of 
the active principle of the glands upon the heart, the intestinal blood © 
vessels, the iris, bladder, and bowel, Langley made further observations 
which pointed more definitely than Le wandowsky’s original suggestion 


1 Towards the expenses of this research grants were made by the Government Grant 
Committee of the Royal Society and by the British Medical Association on the recom- 
mendation of the Scientific Grants Committee of the Association. 

2 The main argument, in reference to which the experiments of this paper are detailed, 
was outlined in a communication to the Physiological Society. This Journal, xxx. p. 20. 


1904, 


§ This Journal, xxvu. p. 237. 1901. 

4 This Journal, xvm. p. 230. 1896. 

5 Op. Szymonowicz. Pfliiger’s Archiv, uxtv. p. 97. 1896. 

6 Archiv f. Anat. u. Physiol. 1899, p. 860, and Centralblatt f. Physiol. x1v. p. 483. 1900. 
7 Phliiger’s Archiv, uxxvmi. p. 97. 1899. 
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to the broad rule that the action of the iditaies upon plain muscle 
simulates that of electrical excitation of the sympathetic nerves supply- 
ing each particular muscle. 

Gaskell? first classified the efferent nerves of the body, and proved 
that those issuing from the central nervous system to supply the plain 
muscular tissues have common characteristics which enable their 
grouping into a common visceral system. Further, in this system he 
recognised three subdivisions, containing respectively the visceral nerves _ 
of cervico-cranial, of thoracico-lumbar or sympathetic, and of sacral 12 
root origin. These three outflows are separated from one another by the a 
roots of the limb nerves that are devoid of ganglionated visceral nerves. : 

By Langley’ they have been named the cranial, the thoracico-lumbar 

or sympathetic, and the sacral subdivisions of the autonomic system. 

A muscle, when innervated from two of these sources, as a rule exhibits 

a response to the one that is antagonistic of its response to the other. 

The reaction evoked by the extract of the suprarenals was found by 

Langley to be in all cases that appropriate to the thoracico-lumbar or 
sympathetic set. 

The validity of this rule would point either to a fundamental differ- 
ence in the nature of the nervous action of the sympathetic as contrasted 
_with the other subdivisions of the autonomic system, or to a biochemical 
and presumably morphological distinction in the entire mass of plain 
muscle receiving sympathetic innervation. Moreover its recognition 
brings the physiological relationship of the suprarenal glands to the 
sympathetic nervous system into parallel with the morphological kinship 
suggested by embryological research’. 

Takamine’s* isolation of the definite chemical substance adrenalin, : 
as the active principle of the suprarenal glands, has made the further : 
study of the question easier, for it permits an exact quantitative deter- 
mination of the extent as well as of the nature of the reactions which 
are produced by it in the body. 

Using adrenalin, Brodie and Dixon‘ were able to make a notable 


1 This Journal, vm. p, 1. 1886. 

_ © Schiifer’s Textbook of Physiology, Vol. 1. Article, ‘‘ The Sympathetic and other allied 
systems of Nerves.” 1900. And “Das Sympathische Systeme” in Ergebnisse Physiol. 
p- 880, 1903. 

* Cp. especially Kohn, Archiv f. mikr, Anat. uxn. p. 268, 1908; and Anat. Hefte, 
Merkel und Bonnet, xu. p. 254. 1902. . | 

* This Journal, xxvu. 1901, Proc. Physiol. Soc. xxix.; and American Journal of | 
Pharmacy, 1901, p. 523. 

5 This Journal, xxx. p. 476. 1904. 
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addition to the established facts. Langley had observed that the 
extent of the contraction of the blood vessels in the various organs of 
the body varied approximately with their known control by vasomotor 
nerves. Brodie and Dixon clinched this rule by the clear demon- 
stration of a neutral instance, that had been imperfectly proved by 
Gottlieb’, namely that the blood vessels of the lungs are not governed 
by sympathetic vaso-constrictor nerves and that they are not constricted 
by adrenalin. Contraction of plain muscle by adrenalin and indifference 
of plain muscle to the same substance were thus ascertained. The 
third alternative of inhibition had been proved by Boruttau for the 
intestine, and for the bladder by Lewandowsky. But there was not 
full assurance that this third possible effect was to be identified with a 
like inhibition produced by excitation of the sympathetié nerves. For 
the existence of inhibitor nerves to the bladder in the hypogastrics, 
though proved by Stewart? for the cat, was denied by Fagge* in the 
case of the dog, with the further implication that the negation might be 
extended to the bladder of all mammals, And the anemia caused by the 
primary vaso-constriction in the intestine might be —— as the 
immediate cause of its inhibition‘. 

Bladder and urethra. I have therefore studied the innervation 
of the bladder in various mammals, and found that in every instance the 
reaction to adrenalin of any muscle along the urinary tract harmonises 
with its sympathetic innervation. The experiments in support of this 
statement are but briefly mentioned below, since they will be discussed 
subsequently in a paper dealing with the innervation of the bladder. In 
all cases the action of adrenalin was examined in the tissues when com- 
pletely decentralised by section of the necessary nerves. Ether alone 
was used for anzesthetisation. And as a precaution extracts were prepared 
from the suprarenal glands of individuals of each species for comparison 
with the adrenalin prepared by Parke, Davis & Co. from oxen and 


sheep®. No specific difference presented itself to observation. 


1 Archiv exp. Path. u. Pharm. xii. p. 286. 1900. Op. also Openchowski, Ztschr. 
Klin, Med. xvi. p. 201, 1889; and Bock, Arch. Path. u. Pharm. x11. p. 158, 1898, on the 
fact that the lung vessels are but little influenced by a variety of poisons. 

2 American Journal Physiol. u. p. 182. 1899. 

3 This Journal, xxvitt. p. 304. 1902. 

* Cp. Bayliss and Starling, This Journal, xx1v. p. 118. 1899. | 

5 A solution of adrenalin chloride, 1 per 1000, with -5/, chloretone as # preservative. 


This was diluted with normal saline solution for injection. Being a stable preparation of 


uniform strength, it was chosen as the standard by reference to which all weights of 
adrenalin given in this paper were calculated. 
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. The Cat. As in all mammals, the nervous plexus at the base of the 
cat's bladder is supplied by sympathetic fibres from the lumbar spinal 
roots which run in the hypogastric nerves, and by sacral fibres in the 
pelvic visceral nerves (nervi erigentes). If either'a pressure or volume 

record of the fluid contents of the bladder be taken, it is seen that 
excitation of the hypogastric nerves causes a brief contraction which is 
followed in the majority of instances by extensive relaxation. As 
noticed by Langley and Anderson’, the contraction is almost confined 
to the muscle at the base where the urethra debouches upon the 
bladder: the relaxation concerns the rest of the bladder, and apparently 
leaves the basal part unaffected. 

Injection of adrenalin into the external jugular vein causes complete 
relaxation. The latent period of this inhibition by adrenalin is much less 
_ than that by electrical excitation of the nerves : consequently relaxation 


occurs simultaneously with the contraction at the base of the bladder, | 


and prevents the latter from leaving its mark on a tracing of the 
bladder’s volume (cp. Fig. 11). Otherwise the curves agree. 

Often the tone of the cat’s bladder is completely abolished by section 
of the pelvic visceral nerves, and then neither adrenalin nor excitation 
of the hypogastrics can alter the physiological tension of the: sheet of 
muscle. Inhibition by adrenalin is, however, so potent that during the 
dominance of the drug strong excitation of the pelvic visceral nerves 
(ep. Fig. 11) fails to cause contraction. By this test the action of 
adrenalin may be revealed even when it is by atonic 
state of the bladder. — 

- Two abnormal instances have come before my notice, In each the 
hypogastric nerves were remarked during the preliminary dissection to 


be abnormally small: in each excitation of these nerves failed to inhibit’ 


the bladder, while affecting the urethra and vesicule seminales in a 
normal manner : and in each adrenalin could neither inhibit the bladder 


nor lessen. the contraction caused by stimulation of the pelvic visceral — 


nerves, Dissection, after the viscera had been treated with 1°/, osmic 
acid, showed that the bypogesizice did not supply the usual fibres to the 
vesical plexus. 

On the other hand in the urethra stimulation of the hypogastrics 
causes such firm contraction as will steadily uphold a pressure of more 
than half a metre of water. 


An identical contraction is oblate’ by the injection of ‘1 mgm. 


adrenalin. 
1 This Journal, x1x, p. 73. 1895. 
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The bladder’ of the Macacus rhesus is also inhibited by the hypo- 
gastric nerves and by adrenalin. But the sanuinseuteesh is. slight, and soon 
vanishes with repetition of the stimulus. 
| > The Rablit’s bladder is exceedingly thin-walled. The chief factor in 
the storage or emission of urine is probably the resistance of the 
‘urethral sphincter. Electrical excitation of the hypogastric nerves 
causes a very slight pressure rise in the bladder, and marked con- 
striction of the urethra. Adrenalin has the same action. 

_ §So far as could be ascertained by ocular inspection without instru- 
mental record, the bladders of the guinea-pig, hedgehog, and rat are 
equally indifferent to the presence of adrenalin. 

In the Dog I failed to obtain from the hypogastrics any change in 
the tension of the bladder other than a slight rise of pressure due to 
contraction about the base. 

Equally indifferent was the muscle of the dog’s bladder to adrenalin — 
circulating in the blood, nor was its response to excitation of the pelvic 
visceral nerves thereby altered (cp. Exp. 2, p. 418). 

* The Ferret. (Mustelus putorius, var. domestica.) In the ferret 
stimulation of the hypogastric nerves, or of the 3rd and 4th lumbar 
roots, causes complete contraction of the bladder. Oddly the ferret 


~_. Feeeives motor fibres to the whole of its bladder from both sympathetic 
> \gnd*sacral nerves. But the oddity completes the series of illustrations 


of the action of adrenalin that can be drawn from a study of the 
mammalian bladder. A small dose of adrenalin injected into the 
blood vessels will cause complete, powerful, and prolonged contraction 
of the ferret’s bladder (cp. Fig. 1). 

On the other hand the ureters, which are 5 richly vascularised, and 
invariably exhibit swinging peristalsis with greater power and uni- 
formity than do those of other mammals, are unaffected by either 
the sympathetic nerves or adrenalin. 

The bladder of the Mongoose (Herpestes mungo), despite the kinship 
of Viverride with Mustelide, is indifferent. to adrenalin. That of 
the goat, however, behaves in precisely the same manner as does that 
of the ferret ; and so too does = of the Indian Civet Cat (Viverra 
ztbetha). 

Further analysis, using to the motor sympa- 
thetic nerves, reveals the power of the hypogastrics also to inhibit the 
‘ferret’s bladder; and under the same conditions adrenalin too produces 
relaxation, These experiments are named on p, 412 with others illustrat-— 
ing the general action of chrysotoxine. — 
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_ The preceding review of the innervation of the bladder in various 
species of mammals justifies Langley’s generalisation as to the action 
of adrenalin; for it demonstrates the third point, namely, that it can 
directly inhibit plain muscle provided the latter has been connected 


Fig. 1. Ferret’s bladder contracted by adrenalin. Vagi, pelvic, and hypogastric nerves 
cut. Blood-pressure from innominate artery. Voluminal changes of bladder under 
constant pressure of 20 cm. recorded. . 

Inject *24 mgm. adrenalin. Bladder contracted completely, and remained so for 
15 minutes. Q 


with sympathetic inhibitor nerves. The inhibitiun of the cat’s bladder 
cannot be regarded as secondary to anwmia, because adrenalin produces 
so little vaso-constriction that there is practically no diminution in the 
blood supply to its walls. Painted on any spot of the cat’s bladder it 
causes local relaxation, and apparently of every muscle fibre in that 
area. Nerve-cells' are not scattered about the wall of the bladder, as 
they are in the intestinal plexuses. Therefore inhibition here follows a 
stimulus applied at the very periphery. 

In this instance, then, the inhibitory action of adrenalin 
is entirely separable from that of anaemia. So too vaso- 
constriction must obviously be a direct effect in the case of the blood 


1 Grunstein (drch. f. mikr. Anat. wv, p. 1, 1900) made a careful methylene blue 
study of the bladder of the dog and frog. To the cat he paid less attention. 
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vessels. ind: the heart shows clearly that the action of adrenalin on 
a tissue external to the blood vessels is independent of concomitant 
anemia. For on the flow through the coronary vessels, even of ‘the 
excised heart ‘under conditions avoiding pressure change, adrenalin 
exerts no hindering influence: yet the substance transuding through 
the capillaries accelerates the rhythm and augments énormously’ the 
amplitude ‘of tensile change in the beat of the cardiac muscle; —_ 

_ Moreover the relaxation of the intestinal wall can be proved by two 
direet experiments to be a primary ¢ffect of adrenalin. (i) An excised 
and bloodless piece of intestitie, when contracting in a bath of Ringer’s 
solution, is made flaccid ‘and still by the direct application of adrenalin. 
(ii) In the entire animal 1 previous injection of. chrysotoxine (cp. p. 413) 
annuls vaso-constriction by adrenalin. Under these conditions adrenalin 
relaxes the stomach and intestine as it’ did before, though causing no. 
contraction of their blood vessels. — 

‘It. is then legitimate to assume that in every instance the action is 
direot: upon the musclé and nerve couple. The intestine is‘ directly 
inhibited’; as is the cat's bladder: the sphincters at the end of both 
small and large intestine, and the daa too of the bladder, are 
contracted, | 
Bleart and blood. The main facts are that 

adrenalin accelerates and augments the heart-beat, as do the cardiac 
accelerator nerves; and that it constricts the blood vessels of the body 
unequally, but to wack the same extent in the various organs as does 
excitation of the sympathetic nerves. Some points of detail are worth 
attention, because they emphasise the parallelism between the action of 
the drug and that of the sympathetic nerves. 

Heart. It has been proved that the bladders of different animals 
may contract, relax, or be unmoved in the presence of adrenalin. 
Apparently only the first and the last of these three possibilities are 
realised in the heart muscle. 

Inhibition has been repeatedly ascribed to adrenalin. It is most 
manifest in the animal whose vagi are intact. Nevertheless section 
(preganglionic) of these nerves in the neck* does not entirely remove 
the tendency of the heart to be slowed and drop an occasional beat. 
A plethysmographic tracing of the heart’s output, when adrenalin has 


1 Magnus (Pfliger’s Archiv, oviu. p. 62, 1905) prone the point of action to be 
to the cells of Auerbach’s plexus. 
2 Cp. Neujean. Archives Internat. de et Thérapie, xm. p. 45, 
1904; and Mathieu, Journal de ’ Anat. et Physiol., 1904, p. 435. 
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been injected into the circulation, indicates great distension of the 
cardiac chambers. The heart cannot empty itself against the high 
aortic pressure, and its volume increases proportionately with the rise 
of blood-pressure. The venous pressure rises’; and under the extreme 
strain a peripheral nervous reflex, presumably of the axon type, is 
originated and tends to overpower the accelerating influence of 
adrenalin. Similar slowing of the heart, despite section of the vagi, 
often occurs when the blood-pressure is raised by excitation of 
the splanchnics. . Acceleration and augmentation alone are seen after 
the cardiac inhibitors have been paralysed by atropine, or in the excised 
heart. In the mammal the work done by the heart is augmented, 
diastole as well as systole being increased with the greater. amplitude of 
the stroke. But in the frog Oliver and Schafer’ found that increase 
of systolic tone might be induced and finally: culminate in oe 
standstill. 

But all heart muscle is sik equally responsive to adrenalin. On 
animals below the vertebrates there are no published papers of which I 
am aware. The hearts of fairly active crayfish show no certain reaction. 


Exp. 1. November. Rostrum of crayfish crushed with forceps so as to destroy the 
supra-cesophageal ganglia. Heart exposed by removal of fragment of thoracic portion of 
carapace from the area enclosed by the branchio-cardiac and cervical grooves.. Pericardial — 
sinus opened, and beat recorded by a counterpoised lever resting directly on. the heart. 
Adrenalin was then dropped upon the heart. Its rate was not affected, but soon move- 
ments of the animal followed as the drug was carried round in the circulation and irritated 


the nervous ganglia. 


The experiments of Gaskell* led him to believe that souk the 
auricles of the vertebrate generally receive augmentor nerves, the 
ventricles of the Chelonia and Aves lack this connection equally with 
that with inhibitor nerves, and are so to be distinguished from those of the 
Amphibia and Mammalia. A corresponding difference is exhibited in 
their reaction to adrenalin. Ventricles* as well as auricles of the frog's 
heart are excited by adrenalin. In the tortoise I have been unable to 
detect any change of ventricular beat. The animals were examined at 
the end of May and were in good health. Fig. 2 illustrates the action 
of adrenalin on the entire heart. The auricular beat was quickened ; 
_the ventricle picked up the stroke, but could not finish it out at the 


1 E.g. from 15 to 80 mm. H,O in the dog’s jugular vein, while the femoral rose from 
130 to 290 mm. Hg. Szymonowicz, Pfliiger’s Archiv, uxtrv. p..129. 1896. 

This Journal, xvutt. p. 254. 1896. 

3 Cp. Article in Schiifer’s Textbook of Physiology, ' It, p. 215, London, 1900. 
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faster rate and so its systole was lessened. When isolated strips from 
the auricle and ventricle are beating side by side, the beat of the former 
is accelerated and augmented by adrenalin (Fig. 3): but the ventricular 
muscle exhibits no change, even when bathed in a solution of 1 : 12,000. 
This agrees with Gaskell’s observation that “stimulation of the 
sympathetic nerves causes marked acceleration of the heart and 

augmentation of the auricular contractions in the tortoise'.” 7 | 


Fig. 2. Excised heart of tortoise in Locke’s solution at 19°C. At the arrow ‘3 mgm. 
adrenalin were added to the solution, giving a concentration of 1: 13,000. Time 
marked in seconds. The auricular beat was in this case not augmented, being already 
maximal. 

Fig. 3. Right auricle and ventricle of tortoise heart, each isolated and beating in Locke’s 
solution at 19°C. At the arrow adrenalin was added, giving a concentration of 
1: 18,000. The beat of the auricle remained long accelerated ; that of the ventricle 

became irregular and slower. 


In the mammal ventricle’ and auricle are both stimulated. The beat 


1 This Journal, v. p. 367. 1885. Langlois (Arch. Physiol. norm. et path. p. 164, 
1897) regarded slowing of the heart in the intact tortoise as an invariable sequel to the 
injection of suprarenal extract. The slowing would probably be a reflex result of the rise 
of blood-pressure. 

* In addition to earlier papers proving the supply of accelerator nerves to the mam- 
malian ventricle ep. H. E. Hering, Pfliiger’s Archiv, cvis. p. 125. 1905, 


27—2 


4 
les 
\ 
it: 
Aa 
pal 
j 
‘ 
wig 
> 
& 
z 
2 
q 
4 
‘ 
{a 
4 
4 
ged 


410 RLEIOTT. 


of an isolated strip from the ventricle of the — heart is —— 
but apparently not accelerated. 

In the bird I have not been able to isolate a piece for perfusion 
through its coronary vessel. The entire heart of the pigeon’ is most 
vehemently excited when adrenalin is added to the perfusion fluid. If 
the auricles be now cut away, the ventricles will continue to beat for half 
an hour or more. Their beat is then not affected by adrenalin, although 
isolated scraps of auricular tissue attached to the roots of the great 
vessels may still be seen to quicken up in response to the stimulus. 
Tn general, then, the auricles of any heart are much more capable | 
of stimulation by adrenalin than are the ventricles: and in the pigeon 
and tortoise the latter seem to be devoid of such irritability. 
~The heart of the human fetus was stdted by Kouliabko’ to be 
weakly responsive to adrenalin, much less so than to digitaline. The 
heart of the embryo chick has not been examined later than the third 
day: at that time Scott-Macfie* found it to be indifferent to 
adrenalin, 

Blood vessels. Here contraction varies locally with the extent of the 
sympathetic innervation. The experiments of Brodie and Dixon 
proved that the lung vessels are devoid of sympathetic vaso-constrictors‘, 
and that they do not contract when perfused with adrenalin. The 
last possibility, the negative to supplement the neutral and positive 

‘instances, might be expected, for vaso-dilators have been described in 
the thoracico-lumbar sympathetic nerves. Of these the most credible 
instances are the buccofacial dilators in the dog’s cervical sympathetic 
‘discovered by Dastre and Morat*, and the dilators to the kidney 
described by Rose Bradford’. Bayliss on the other hand urges’ that _ 
probably all examples of visceral vaso-dilation are akin to those studied 


1 It is necessary to destroy the brain by pithing, open the thorax, and cut out the 
heart. Bleeding from the neck vessels generally results in the formation of clots within — 
the heart. The heart is then washed out, and perfused from the aorta with oxygenated 
Locke’s solution at 42°C, 

* Sixth Internat. Congress Physiol., Brussels, 1904. Quoted from Archivio di Fisiologia, 
u. p. 187. 1904, 

* This Journal, xxx. p. 264. 1904. 

* Leon Plumier (Journal de V Anat. et Physiol. 1904, p. 655) will not accept this state- 
ment. 
nerves, 

5 Comptes rendus Acad. des Sciences, XCl. p. 398. 1880: Confirmed by Langley and 
Dickinson, Proc. Royal Society, xuvu. p. 380. 1890. 

-. © This Journal, x. p. 358. 1889. 
? This Journal, xxvii. p. 280. 1902. 
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by him in the limb vessels’, and are produced by antidromic impulses in 
the posterior root nerves. If such be the case, and the main thesis of 
the present paper true, Bayliss’ — would not be — by 
adrenalin. 


I have injected adrenalin into the carotid’ of dogs, but never shesevei 
any change in Dastre and Morat’s mouth area other than that of 
vaso-constriction. . However in the four animals examined — of 
the cervical sympathetic did not produce dilation. 

Also, because the vaso-dilators are with the exception of these bucco- 
facial dilators more sensitive than the constrictors, I have injected 
_ infinitesimal doses of adrenalin into cats. . Small doses of adrenalone (cp. 
p. 462) do cause fall of blood-pressure, which passes into a rise as the 
quantity injected is increased. Adrenalin solution of such low dilution 
as was obtained by filling a 1 c.c. syringe, that had held adrenalin, with 
saline solution after washing out twice, did lower the blood-pressure by 
10 or 20mm, But when the dilution was slowly and exactly made to a 
known strength of 1 : 600,000 and 1 : 1,200,000 only cardiac acceleration 
_ and rise of blood-pressure were produced. Sollmann* and Pari? 
observed that adrenalin may cause dilation of the kidney vessels, though 
ordinarily it excites to full constriction. 

Straightforward experiment fails to prove vascular dilation by 
adrenalin. But there is an instrument of analysis which takes away 
vaso-constriction and reveals a depressor action. Mr H. H. Dale has 
discovered this in Jacobi’s chrysotoxine* that is extracted from ergot. 
After the injection of 100 mgm. of chrysotoxine excitation of the 
splanchnic nerves results in a fall of blood-pressure: similarly the blood- 
pressure falls in the cat by 30 to 50 mm. when adrenalin is injected, and 
remains depressed for about as long a time as it would have been raised 
by the same amount of adrenalin in a normal animal. 

A broad examination’ of all the visceral nerves gives the information 
that no inhibitor action of the thoracico-lumbar set is lost after the 
- injection of chrysotoxine: the stomach, the intestine, and the cat's 
bladder are relaxed alike by the stimulation of their nerves and by the 
injection of adrenalin. Of neither motor nor inhibitor power are the 
' cranial and the sacral visceral nerves deprived. The nerves to skeletal 

1 This Journal, xxvz. p. 178. 1900. 

* American Journ, Physiol. xin. p. 246, 1905. 

5 Archivio di Farm. sperim. tv. p. 161. 1905, 

* This Journal, xxx. 1905; Proc. Physiol. Soc. May 20. 

5 For permission to work on this question with Mr Dale in the Wellcome Research 
Laboratory I am indebted to the kindness of its director, Dr W. Dowson. 
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muscle remain irritable. But the blood vessels, the spleen, the ileo-colic 
sphincter, the urethra, and the retractor penis now show no movement 
when the sympathetic nerves are stimulated ; and they give no answer 


_ to adrenalin. With such nicety does chrysotoxine differentiate, that of 


the known common activities of the sympathetic nerves and of adrenalin, 
the motor to the abdominal viscera are, and the inhibitor are not 


_ paralysed. The pupillo-dilators are partly, the cardiac accelerators and 


pilomotors hardly at all, paralysed. 

It is then a plausible supposition that adrenalin causes a fall of blood- 
pressure because some of the blood vessels are supplied with sympathetic 
vaso-dilator nerves. And it would be to such an action, and not to a 
toxic depression of tone, that the slight dilation of the pulmonary vessels 


observed by Brodie and Dixon' might be ascribed. An exactly 


analogous discrimination by chrysotoxine is made in the ferret’s bladder. 


‘Fig. 4. Effect of chrysotoxine on the ferret’s bladder. Ether. Vagi and hypogastrics cut. 


Volume changes of bladder under constant pressure of 15 cm. 
The bladder being in contraction as the result of -12 mgm. adrenalin (cp. Fig. 1) 
_ 80 mgm. of chrysotoxine were injected. The bladder at once relaxed. Adrenalin, 
‘06 mgm., now caused slight fall of blood-pressure and quick relaxation of the bladder. 


1 This Journal, xxx. p, 489. 1904, 
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- Stimulation of the hypogastric nerves and the injection of adrenalin both 
cause it to contract. After chrysotoxine the sacral motor nerves retain 
their efficiency, but the hypogastrics now relax the bladder, and so too 
does adrenalin (cp. Figs. 4 and 5). In the same way inhibition has 
been found by Mr Dale to be separable from contraction in the cat’s 
internal anal sphincter. | 


Fig. 5. Ferret: same experiment as that supplying Fig. 4. After the chrysotoxine and 

_ adrenalin, 4 mgm. of nicotine were injected. This caused fall of blood-pressure, the 
vaso-constrictors being paralysed, but contraction of the bladder as the pelvic nerves 

' were intact. Afterward stimulation of the hypogastrics caused slight contraction and 
no inhibition, for the peripheral inhibitor ganglia were blocked by the nicotine. 


The last two instances must be explained by regarding the poison 
either as a dissecting instrument which can separate motor from inhibitor 
nerves, both being originally present ;. or, with Dr H. K. Anderson’s 
suggestion, as an agent which so alters muscle and nerve that the nervous 
impulse is now answered by relaxation instead of contraction. But the 
fall of blood-pressure cannot be rigidly confined to one of these two 
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possibilities, because — “experiment has not yet proved it’ to ‘be 
the result of an active dilation of the blood vessels. The muscles 
of the bowel external to the blood vessels are relaxed, and their relaxation 
will permit a passive dilation of the blood vessels. However, the time 
relations of the fall suggest that it is a primary effect of active 
vaso-dilation. 

As stated above, adrenalin does not constrict the coronary arteries. 
Schafer correlated this with the absence of vaso-constrictors from the 
cardiac accelerators, and thought that with both forms of excitation was 
produced quickening of the flow through the coronaries. In the beating 
heart such an action cannot be dissociated from a possible secondary 


dilation by metabolites from the increased work of the heart muscle. — 


When perfusing a strip of the cat’s ventricle by a single coronary artery 
I have seen almost instant increase of flow after the addition of adrenalin 


to the Locke’s solution used. This occurred with a strip that did not | 


beat and therefore independently of muscular metabolites. 

Still, whatever be the truth with regard to the presence of dilator 
nerves to the blood vessels, the parallel action of the sympathetic nerves 
and of adrenalin is maintained in the heart and blood vessels. When 
the response to the one is altered by such poisons as apocodeine or 
chrysotoxine, it is equally altered for the other. 

Constriction is produced in the largest arteries as well as in 
the arterioles, bat? it is not evident in the veins. With regard to the 
capillaries I have not been able to arrive at a definite opinion. 
Steinach and Kahn‘ claim that. the capillaries of the frog’s nictitating 
membrane are truly contractile and react to excitation of the sym- 
pathetic nerves. Oliver* tested the frog’s mesenteric vessels with 
suprarenal extract, but did not distinguish between the contraction of 
the capillaries and that of the larger tubes. I have watched the vessels 
of the nictitating membrane by Drasch’s‘ method, as well as those of 
the mesentery and web. In no capillary could I detect any contrac- 
tion by adrenalin, and even the arteries showed but little change. 
Such obliteration of the lumen as occurs in the mammal was never seen. 


Perhaps the failure was due in part to the fact that the frogs, though - 


freshly caught, were weak in the spring time. Yet it is more — 
that extreme vaso-constriction is used but rarely, if ever, ‘by the frog: 


_ } Bixth International Congress of Physiology, Brussels, 1904. 
Pfliiger’s Archiv, xcvu. p. 105. 1903. 
® This Journal, xx1. 1897 ; Proc. Physiol. Soc. xxu1. 
‘ Arch. f. Anat. u. Physiol, 1889, p. 96: 
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and thérefore the question with regard to the “Goss must be 
determined by experiments on the mammal. 

' Exner’ has proved that the intraperitoneal injection of adrenalin 
(‘5 mg. for a rabbit) delays the absorption of poisons introduced into 
the stomach or the peritoneal cavity. Strychniue, for example; after — 
adrenalin takes twentyfold the time to kill. The fact is supported by 
an experiment of the Melzers*, which shows that the absorption of 
fluorescein from subcutaneous tissues and its elimination by the kidneys 
are lessened after a previous dose of adrenalin. By the latter workers _ 
this is attributed to constriction of orifices between the endothelial — 
of the capillaries. 

A study of the action of adrenalin on the blood vessels found i in 
pathological growths would be interesting. Baum* finds that it 
(suprarenin, Héchst) does not blanch lupous tumours or teleangiecstatic 
veins. The blanching of unsound flesh by direct application is brief 
and soon succeeded by venous hyperemia. Thie blood vessels of newly 
formed granulation tissue react early, but I have been unable to 
ascertain precisely how soon. | 

Skin muscles, and apparent exceptions. In sum, all three — 
possibilities of response to adrenalin, those of contraction, no reaction, 
. and relaxation, are evidenced in the various sheets of plain muscle, and 


in every instance according with the nature of their sympathetic _ 


innervation. Still apparent exceptions may be urged against the law. 

Langley‘ gave a table graduated by the extent of reaction of the © 
various organs, noting that in some the chemical excitation is more 
potent than that of electrical excitation of the sympathetic nerves, 
whereas in others it is much less effective than the latter. But the 
reaction even in this second class differs only in magnitude, not in sign, 
from that evoked by electrical excitation. However, the real exception 
of an opposed action does seem to occur. The iris of the dog's eye, and 
that too of the goat, constricts markedly when adrenalin is injected into 
the external jugular vein. Yet weak electrical excitation of the cervical 
sympathetic nerve causes full dilation of the pupil. 

The exception may be harmonised with the rule by a more detailed 
statement of its operation. , 

Taking first an obvious disaccordance. The hairs on a cat's back 


1 Arch. exp. Path. u. Pharm. wu. p. 313. 1903. 

2 American Journ. Med, Sci. oxxix, p. 98. 1905. 
3 Berl. Klein. Wochenschrift, xum. 4. 1905. 

* Loc. cit. p. 255. 
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and tail are strongly erected when the appropriate sympathetic nerves 
are stimulated; yet they move but feebly and tardily when even a 
considerable quantity of adrenalin is injected into the external jugular 
or into a lumbar artery. On the other hand the bristles on the scruff 
of a fox-terrier’s neck and those down the middle line of its back rise 
well upon intravascular injection of adrenalin. In the macacque hair 
movement is slight on the body, but manifest over the temples and 
middle of the forehead. And an injection into the mongoose (Herpestes 
mungo) of a small dose’, ‘18 mg., such as does not evoke maximal dilation of : 
the pupil, nevertheless is succeeded almost instantly by extreme erection | 4 
of the hairs on the animal's tail. 
_ This varying response of the arrectores pilorum agrees with their 
varying functional use by each animal. The domestic English cat is 
not in the habit of frequently raising its fur to frighten enemies’; the 
mougoose fluffs out its tail with every fleeting emotion’. 

The arrectores of my own skin react very frequently and sensitively 
to chilling of the skin surface. They are thrown into complete contrac- 
tion by subcutaneous injection of adrenalin (e.g. by 03 mg. in 1c.c. 
. saline), and with as great ease as are the subcutaneous blood vessels. 
The area of papillary erection coincides with that of blanching, and the | 
contraction of the hair muscles persists equally long, for two hours or 
more, with that of the blood vessels. Presumably in man these muscles 
are as easily excited by adrenalin as are those of the subcutaneous 
blood vessels, 

The bird’s feathers are moved by plain muscles beneath the skin, 
which in function at any rate are homologous with the arrectores pilorum 
of the mammal. Langley‘ has shown that these contract strongly 


1 In the same animal, a female mongoose weighing 360 gm., this amount of adrenalin 
caused sharp contraction of the ileo-colic sphincter (cp. Elliott, This Journal, xxx. 
p. 188, 1904) that was very obvious to the eye. In the cat the contraction is masked by 
overlying fatty and lymphatic tissue. Just as easily can the contraction of the sphincter 
be seen in the Macacus (*4 mgm. for an animal of 2000 gm.), while the small and large 
intestine on either side are seen to relax. The macacque requires large doses of adrenalin. 
Dilation of its pupil is not readily obtained by adrenalin, though the minimal value of the 
efficient stimulus for electrical excitation of the preganglionic fibres of the cervical 
sympathetic is almost as low in the macacque as in the cat. 
_ 2 “Electrical excitation of sensory nerves has not so far been observed to cause a reflex if 
on of hairs” (Langley and Anderson, This Journal, x1x. p. 380, 1896). 
Langley remarked that the erection of the cat’s hairs by adrenalin observed by him (loc. 
cit. p. 252) was much less than that described by Lewandowsky: it may be that the 
difference is explicable by the more peaceful life of the English animal. 
8 Op. Kipling. The Jungle Book, Rikki-Tikki-Tavi. 
* This Journal, xxx. p. 221. 19038, | 
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when the sympathetic nerves to them are stimulated; but he noted 
that they are almost irresponsive to adrenalin. For the ordinary barn- 
door hen this is true, The only feathers erected on it are the small 
stiff ones constituting the eyebrow. In the pigeon the feathers on the — 
back of the head and neck are depressed with fair power. But in a 
young cockerel, chosen for its fighting tendencies, I have observed 
erection of the hackles at the back of the head and neck as the result 
of injecting ‘56mg. adrenalin. The neck feathers were not stiffly and 
steadily erected, but oscillated up and down about a position of medium 
erection. Since the feathers are supplied with depressor as well as 
erector muscles it might be supposed that the lack of manifest move- 
ment is due to an equal and counterbalancing pull of all the muscles. 
That such does not occur with much force seems evident from the fact 
that after an injection of adrenalin the feathers do not exhibit a quick 
and decided ‘return to an equilibrium position from which they have 
been displaced. 

As a group, then, the arrectores pilorum show a varying irritability 
by adrenalin, which in the instance of the mongoose’s tail rises to a 
high point. And the irritability varies directly with functional use of 
the muscles. The variation is not simply a question of different 
structural arrangements about the muscles which hinder or admit 
diffusion of adrenalin; for the muscles which react but little to 
adrenalin injected into the circulation are equally difficult of movement 
by adrenalin directly injected beneath the skin of the area examined. 

Similar considerations may be applied to the varying reaction of the 
generative organs. And thereby the apparent anomaly of the dog’s 
iris may be reconciled to agreement with the rest. Dilation of the 
pupil is a frequent phenomenon in the cat, and correspondingly the 
cat’s iris reacts with great sensitiveness to adrenalin. But the dog’s 
iris, though reacting well to electrical excitation of the cervical 
sympathetic, is in life comparatively immobile’. It does dilate when a 
little adrenalin is injected directly into the anterior chamber of the eye, 
or into the common carotid: but it is so dully responsive to small 


1 The paralytic effects of section of the cervical sympathetic are much more manifest in 
the cat’s eye than in that of the dog or rabbit, i.¢. the cat’s dilator receives a fuller stream 
of tonic impulses by the sympathetic nerves than do those of the other animals named. 
Similarly the dorsal neck feathers in the pigeon are the most irritable by adrenalin ; and it 
was in these that Langley (loc. cit. p. 286) found proof of previous tonic depression in the — 
erection resulting from degenerative section of the cervical sympathetic. Degenerative — 
section also proves that the cat’s arrectores pilorum 
union with the sympathetic nerves. 
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doses that’ the tendency to dilation is, in the experiment where the 

substance is injected into: the general circulation, overpowered by the 

constriction due to central stimulatioi—probably by 

pressure—of the cranial third nerve. — | 

2. Dog, large male. Anwsthetised with 

10:10. Vagi and cervical sympathetic nerves cut. Cannule in 
Blood defibrinated by whipping. (Cp. p. 466.) 

1.10, Stimulate cervical sympathetic, secondary coil at 4cm. Usual effect on eye. 


Extreme vaso-constriction in mouth without the subsequent vaso-dilation described by _ 


Dastre and Morat. 

1.32; Inject 1 mgm. adrenalin rapidly into blood stream in common carotid just below the 
origin of the lingual artery. Intense and at first unilateral constriction resulted in 
mouth. The pupil dilated, and the eyelids were opened widely. As the excess of 
adrenalin escaped into the general circulation, the blood-pressure rose from 128 to 
- 280 mm. Hg., and the contralateral iris dilated slightly and then constricted to a pin- 
point. The contrast between the two eyes was riow very marked: Vaso-constriction 
of the tongue lasted much longer than the pupillo-dilation, by 
vaso-dilation. 

3.0, Bladder decentralised by section of the hypogastric and pelvic visceral nerves. Tone 


fairly good. Volume record of fluid contents, about 50 ¢.c., under constant pressure 


of 15 cm. 
_ Blood-pressure rose from 84 to 290 mm. Bladder volume remained unaltered. 
3.15. Pressure record of bladder with constant vol. of 60 c.c. 
Inject 2°38 mgm. adrenalin into femoral vein. Blood-pressure rose from 60 to 
280 mm. Eyes exhibited typically all the movements that are associated with stimu- 
lation of the cervical sympathetic, namely dilation of the pupil, retraction of the 
nictitating membrane, opening of the eyelids, and protrusion of the eyeball. But the 
bladder pressure remained unchanged at 17cm. Excitation of the pelvic visceral 
- nerves meantime caused the normal contraction. 
After this last injection of adrenalin the blood yielded a large clot. 


This particular experiment is quoted on account of its reference to 
the bladder. Defibrination of the blood was necessary to make it possible 
to inject large quantities of adrenalin, But a like unilateral dilation of 
the pupil appears when ‘3 mgm. or less adrenalin is injected into the 


carotid of a normally anzsthetised dog. On the other hand ‘5 mgm.into — 


the jugular vein causes constriction of the pupil, while the globe of the 
eye sinks backward and is twisted inward. Neither constriction of the 
pupil nor movement of the globe occur if the mid-brain be destroyed 
prior to the injection. 

Intestine. Finally, were the conclusions of Page May' with regard 
to the innervation of the stomach to be accepted a disaccordance would 
arise. Langley* observed that suprarenal extract inhibits the move- 


1 This Journal, xxx1. p.. 280. 1904. 
2 This Journal, xxvi. p. 250, 1901. 
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ments of the stomach, noting that the effect “closely resembled that 
produced by stimulating the splanchnic nerves.” The relaxation by 


~ adrenalin is indubitable. But Page May’s experiments led him to the 


opinion that the vagus alone supplies motor and inhibitor nerves to the 
whole of the stomach and to its sphincters, and that the splanchnics 
have no share in the innervation of this organ. This, manera is 


erroneous. 


Putting aside the inconclusive experiments of Morat! and 
Wertheimer’, since they were concerned only with the inhibition 
obtained by central reflexes, the presence of inhibitor fibres to the 
stomach in the thoracic spinal roots is proved by the work of 
Openchowski', and by the subsequent experiments of Morat* and of 
Courtade and Guyon*. The method which all these workers employed, 
namely that of recording the alterations in volume of an indiarubber 
balloon placed in the stomach, is not quite trustworthy because it may 
fail to indicate the full extent of relaxation. 

Figure 6 illustrates the result of electrical excitation of the right and 
left splanchnic nerves within the thorax of a cat. It was produced in an 
experiment in which both vagi and the splanchnics had been cut within 
the thorax, and all placed on shielded electrodes. The duodenum was 
ligatured just beyond the pyloric sphincter, and a volume record of the 
entire contents of the stomach under a constant pressure of 7 cm, water 
obtained by means of a large catheter passed through the wall of the 
cesophagus a little above the diaphragm. The abdomen was freely 
opened and the stomach lay covered only by hot, moist flannels, so that 
its movements could at any moment be inspected and its volume at the 
same time would not be indirectly altered by pressure of adjacent 
organs. 

‘By the sympathetic nerves relaxation to the extent of 40c.c. and 
complete arrest of all rhythmic waves were caused. Excitation of the 
vagi, atropine not being administered as the electrodes were placed below 
the origin of the cardiac nerves, produced at first inhibition, especially of 
the cardiac fundus, and then strong contraction of the organ (cp. Fig. 7) 
so that its volume was lessened from 100 to 60c.c.: at the same time 
powerful and deep waves of constriction ran from fundus to pylorus. The 


1 Lyon Médical, p. 289. 1882. 
_ © Archives de Physiol, norm. et path. v. 4, p. 379. 1892. 
3 Du Bois Reymond’s Archiv f. Physiol. p. 549. 1889. 
* Archives de Physiol. norm. et path. p. 142, 1893. 
> Comptes rend. Soc. de Biol. unt. p. 682, 1900 ; and a separate monograph, — 
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stomach then exhibited the pyriform shape with apex at. the pylorus, 
which described as that seen in the stages \preliminary 


Fig. 6. Inhibition of cat’s stomach by splanchnic nerves. ‘ Ether. Vagi and splanchnics 
cut within thorax and placed on shielded electrodes, Artificial respiration. Record 
of volume change of stomach under constant pressure of 7 cm. water. 

by 30 


to forcible vomiting. These evalinaaas are associated to the end of 
vomiting with closure of the pyloric and relaxation of the cardiac 
sphincter, and can all be excited by nerve fibres in the vagus. _ 
_ The opposed effects, complete inhibition by the splanchnics, slight 
inhibition and strong contraction by the vagi, were repeatedly produced 
in the same animal. Sympathetic inhibition of the stomach is indeed 
- easier to demonstrate than that of the bladder. Adrenalin of course — 
_ relaxes the stomach to an extreme flaccidity (cp. Fig. 8). Langley also 
proved its relaxation of the rabbit's cardiac sphincter, and correlated this 
with the presence of inhibitor nerves in the thoracic spinal roots’. On 
the other side I find that the pyloric sphincter of the rabbit is contracted 
by rains (ep. Fig. 9) and also by excitation of the splanchnic nerves. 


1 Schiifer’s Textbook of Physiology, 11, p. 695. 
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Fig. 7, From same experiment as Fig. 6. 


Stimulation of vagi, coil 7 cm., caused relaxation of 10 c.c, and then 
contraction of 80 ¢.c, on the entire volume. 


Fig. 8. From same experiment as Figs. 6 and 7. 
Keo Injection of -18 mgm. adrenalin completely relaxed the stomach. Tone 
ak did not return until the vagi were again stimulated. 
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Tacsheidiiliete: thie I employed the method described in an earlier 
paper? onsthe ileo-colie sphincter, The movement is not forcible. It 
characteristically consists in a slight tonic closure, while from this higher 
level of tension arise a series of spasmodic contractions. Openchowski 
had previously observed the existence of motor fibres to the rabbit's 
pyloric sphincter in the lowermost thoracic spinal roots, though he found 
its chief motor supply side by side with inhibitor fibres in the vagus’. 


Fig. 9. Rabbit. Ether. Vagi cut. Stomach opened and emptied. Recorder lying in 
pyloric sphincter, being distended by a pressure of 13 cm. water. 
Adrenalin, ‘12 mgm., caused rise of tone with six superimposed waves. 


‘This sphincter’s innervation agrees with the general scheme of 
innervation of the hollow viscera, namely, that if quiet 
lodgement of the contents be facilitated by the presence of 
sympathetic inhibitor nerves to the body of the viscus, there 
will also be sympathetic motor nerves to the, gaphinoter 
closing the exit. | | 

So throughout the entire length of the mammalian Bt oat canal 
adrenalin canses relaxation, except at the three points where. it tightens 
with a power varying in the different species the grip of the pyloric, Heo- 


This Journal, xxx1. p. 188. 1904, 
* Op. Langley. Thin Journal, p. 407. 1898. 
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colic, and internal anal sphincters. And its action is identical with that 
resultant from excitation of the sympathetic nerves. 

The harmony continues, though the scheme of innervation alters, 
when one passes to the study of the avian and amphibian intestine. 
Contejean’ had observed that the toad’s stomach was thrown into a 
“tetanic cramp ” when its sympathetic nerves were stimulated. Dixon? 
clearly proved that adrenalin and the sympathetic nerves alike cause 
general contraction of the frog’s stomach. The csophagus of the frog and 
toad, according to the work of Boruttau* and Bottazi* peprenrely, 
inhibited by adrenalin. 

In the fowl I find that when painted on the duodenal loop adrenalin 
(1: 4000) causes tonic contraction in both axes together with intense 


_ ‘vaso-constriction. The contraction in the rest of the small intestine is 


irregular. The same results follow the injection of adrenalin into the 
general circulation’. But the large intestine is relaxed, and. so too 
are the ceca (barndoor fowl), while the cxcocolic sphincters* and the 
internal anal sphincter’ are constricted. The reaction of the gizzard 
was not ascertained, no change in it being apparent to mere inspection. 

_ Excitation of the vagus in the pigeon caused the opposed muscular 
plates of the gizzard to contract with great force, and initiated slight 
peristalsis in the duodenal loop. The sympathetic nerves I did not 
excite separately, but instead the isolated length of the third and fourth 
_ thoracic and first lumbar segments of the spinal cord. The vertebral — 
canal above and below was plugged with clay, so that escape of current 
was impossible. No very obvious change occurred in the gizzard, but 
the duodenum was blanched and contracted slowly. Even.brief exposure 
of a bird’s intestines to cold air produces in them venous stasis and 

1 Archives de Physiol. norm. et path. v. 4, p. 640. 1892. 3 

2 This Journal, xxvim. p. 73. 1902. 

3 Pfliiger’s Archiv, txxvm. p. 97. 1899. 

* Archivio di Fisiologia, 1. p. 325. 1904. The expts. showed inhibition of only the 
longitudinal coat: the frog’s stomach consists almost entirely of circularly disposed 
muscle, and here Dixon saw contraction. 

5 The bird’s eyelids open very slightly, or not at all, under the influence of adrenalin ; 
the iris and nictitating membrane are practically unaffected. This agrees with Langley’s 
account of the result of stimulating the bird’s cervical sympathetic (p..235). But the frog’s 
pupil is widely dilated. | 
| § The position of these sphincters is admirably shown by a figure given in a paper by 

Meyer and Steinfeld (Archiv Path. und Pharm. xx. p. 40, 1886) to illustrate the 
blackening of the mucous membrane of the hen’s intestine by bismuth salts injected into 
the blood-stream. 

? Langley (loc. cit. p. 233) saw pallor and constriction of this et upon stimu- 

PH. XXXII. 7 
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426 R, ELLIOTT. 
muscular paralysis, so that they will no longer respond to adrenalin or 
excitation of the sympathetic nerves, although still contracting when 
irritated by barium chloride. Doyon' made a more elaborate study of 
the innervation of the gizzard in curarised hens, ducks, and pigeons by - 
means of a balloon passed down the csophagus, According to his results 
the vagus is in the main a powerful motor nerve augmenting the tone — 
and peristalsis, whereas the splanchnics cause a single brief contraction 
and then slight relaxation with arrest of rhythmic movements. 

So the stomach and small intestine of the bird and amphibian differ 
from those of the mammal in that their innervation by the thoracic 
visceral nerves is preeminently motor. Inhibition becomes dominant in 
the mammalian bowel, and the motor sympathetic fibres have so dwindled 
in number, except where functional needs demand their aid in the closure 
of the intestinal sphincters, that their action is only occasionally? 
revealed by experimental enquiry. Adrenalin excites the plain muscle 
concordantly with its sympathetic innervation, and the dominant form 
of innervation determines the main reaction of the “— to contrac- 
tion in the bird, relaxation in the mammal. 

It seems then that certainly for all Mammalia, and probably for all 
Vertebrata, the following law is true: The reaction to adrenalin 
of any plain muscle in the body is of a similar character to 
that following excitation of the sympathetic (thoracico- 
lumbar visceral, or autonomic) nerves supplying that muscle, 
and the extent of the reaction varies directly with the 
frequency of normal physiological impulses received by the 
muscle in life through the sympathetic nerves. i 

The various experiments that have been described above establish 
this identity in certain organs whose innervation was previously open 
to discussion. Emphasis was not laid on the contrast between the 
movement produced by adrenalin and that by excitation of the sacral 
and cranial visceral nerves. The difference is exhibited in the synoptic 
table pages 424-5. 

Visceral innervation varies with the individual as well as with the 
species. The reaction named under each heading is the one that would 
be found dominant in the great majority of examples. References are 
not given, as these will be found either in Langley’s or in the body of 
this paper. | 

1 Archives de Physiol. norm, et path. 1894, pp. 869 and 887. 


* Cp. Salvioli, Arch. Ital. Biol. xxxvm. p. 886. 1902. Magnus, -Pfiiger’s Archiv, 
cv. p. 50, 1905. Bunch (especially in dogs), This Journal, xxl. p. 366, 1898. 
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@lands. discovered that extract stimulates glandular secretion. 
This effect cannot be satisfactorily discussed until more is known of the double innervation 
of the salivary glands, and of the the products 
of glandular activity. Of the various organs the following have been examined. 

(Langley, loc. cit. p, 242.) | 

Buccal and tracheal mucous glands : lively secretion, p. 238.) 

Salivary glands; free watery secretion in cat, resembling that by excitation of the 
cervical sympathetic. Stimulation is peripheral, 
(Langley, p. 288.) 

Liver: slightly increased secretion of bile. (Langley, 243.) 

Pancreas: no effect, except slight increase of an established secretion. ids. 
p. 248.) 

Kidney : urinary flow I find to be econ during the period of vaso-constriction, and 
subsequently not augmented. But Bardier and Frenkel? state that the check is cmcniian | 
by. great increase of flow in curarised dogs. 

Suprarenal glands: the injection of adrenalin discharges the adrenalin from the 
glands, so that the medullary cells stain less deeply with chromate salts and yield no 
active extract. 

Sweat glands: no secretion in cat’s pad, although excitation of the sympathetic nerves 
does cause secretion. (Langley, p. 242.) The sweat glands of the palm of the human 
hand exerete readily. But I find that they are irresponsive to adrenalin injected sub- — 
cutaneously. Thus ‘5 c.c. of 1: 200,000 solution (=-025 mgm.) injected into the palm 
between the skin and the deep palmar fascia produced intense vaso-constriction and 
slight edema. The secretion of sweat over the area of blanching became less than that 
elsewhere, and finally ceased. Adrenalin quickly passed along the efferent lymphatics 
draining the area of injection, and transuding blanched the tissues along their course ; 
so that in 15 seconds the lymphatics as far as the wrist and for several centimetres up the 
forearm were delineated as a white network. 

Some wdema and increase of lymph-flow away from the tissue is generally the result 
of subcutaneous injection. Intravenous injection increases the efflux of lymph from the 
thoracic duct?. 

Cutaneous glands of frog: adrenalin excites these to secretion. The cells in those of 
the nictitating membrane can be seen to swell and obliterate the lumen of the gland 
except when the outlet is blocked. Drasch*® described a like mae as the result of 
stimulation of the sympathetic nerves, 


THE LOCAMABATION OF THE ACTION OF ADRENALIN. 


It is an accepted fact that the chief stimulating action of phieiialie 
takes place immediately at the periphery. Thus the excised and perfused 
heart will respond well to adrenalin 6 or 7 hours after removal from 
the body. And Brodie and Dixon‘ found that the vaso-constrictor 
_ nerves to the limbs or intestines lost their irritability by electrical stimuli 

1 Comptes rendus Soc. de Biol. 1899, p. 544. na 
2 Op.Camus: Comptes rendus Soc. de Biol. 1904, p. 552. 


3 Arch. f. Anat, u. Physiol. 1889, p. 96. 
* This Journal, xxx. p. 499. 1904, -. 
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within 3 hours of death, whereas the vessels reacted to adrenalin 
6 hours after death as fully as they did when the arosaull was 
commenced immediately. 
Nerve cells and their processes. The cells of the central nervous 

_ system may be slightly stimulated by it directly, apart from their — 
reaction to the great rise of blood-pressure, But the influence is so slight 
as not to be evidenced by muscular twitches when adrenalin is directly 
applied to any segment of the cord. In such an experiment on the frog 
Dixon! found that the local reflexes were somewhat increased in a 
manner suggesting augmented irritability of the motor cells of the cord. 
Kahn‘ states that the sensitiveness of the respiratory reflexes is increased 
in the rabbit, and Pruszynski*® that the excitability of the vasomotor 
centre is similarly affected, provided that it has not been injured by too — 
frequent and large doses. But Herman Weber‘ finds that adrenalin 

anesthetises* the brain and spinal cord by an especial action on the 
' specific organs of pain sensation. Apparently a phase of excitation is 
succeeded by paralysis of the C.N.8. cells, this poisonous action being seen 
only with large amounts of adrenalin. In the vertebrate the changes of 
activity in either direction are not conspicuous. But it was shown by the 
experiments of R. Magnus‘ on an invertebrate (Sipunculus nudus), that 
suprarenin (Von Fiirth’s), while being devoid of peripheral action 
upon the smooth muscle fibres constituting the body wall and ea 


1 This Journal, xxx. p. 115, 1903. 

2 Archiv f. (Anat. u.) Physiol. p. 522. 1903. 

8 Wiener klin. Woch. 1904, 

Verhandl. xx1. Congr. f. inn, Med., Wiesbaden, 1904 ; 
ges. Med, couxxxtv. p. 175. 1904. 

5 The nature of the solution employed is of importance in regard to this question of 
angsthetisation. In all commercial preparations the active principle is the same, namely, 
the chemical substance ©,H,,NO,. This is sold in the pure form, and may then be 
dissolved in water or salt solution acidified with one molecule of HCl for each molecule 
of adrenalin. Such a solution is quickly oxidised. The business firms also prepare a 
1:1000 solution, which retains its ‘physiological potency sines other substances are added to 
prevent loss by oxidation, 

The adrenalin solution of Messrs Parke, Davis, and Co. contains *1 °/, of the adrenalin 
base itself and -5 °/, chloretone, the latter being an anzsthetic of no little power. 

Suprarenin chloride, Von Fiirth’s, is prepared by Meister Lucius and Briining, Héchst, 
, Pie ‘1°, solution of the base together with ‘06°/, thymol, again a substance paralysing 

0.N.8. 

Hemisine of Messrs Burroughs, Wellcome and Co. is the pure substance, and is not 
sold in solution. The tabloids contain the solid base mixed with an inactive vehicle. 
On account of the difficulty of ensuring uniform admixture of solids they cannot be 
* Archiv exp. Path. u. Pharm. t, p. 86.7 1908. 
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of iiietattiie the sensory nerve endings, nevertheless irritated and 
then paralysed the ventral nerve cord. 

Upon the sensory ending of afferent nerve fibres adrenalin has 
apparently no action, until it attains a poisonous concentration. After the 
injection of adrenalin solution (‘5 c.c. containing 0°03 mgm. adrenalin and 
‘15 mgm. chloretone) into the palm of my hand I could discern no sub- 
jective sensation beyond that of a slight tingling, such as at any time is 
caused by hindrance to blood circulation. The area of vaso-constriction 
was at the same time partly anmsthetised. But the anesthesia was 
caused simply by the chloretone, for the injection of a similar quantity 
of freshly prepared solution of pure adrenalin was attended by sharp 
tingling at first (perhaps due to the hydrochloric acid in the solution), 
and then by slightly augmented sensitiveness to pinpricks, and no 
alteration of the power of spatial discrimination between two points. 

The cells of the peripheral visceral ganglia are even more irre- 
sponsive to its presence than are those of the o.n.s. I have painted 
the superior cervical ganglion of the cat with adrenalin, 1 : 1000, 
without obtaining the faintest movement of the iris or nictitating 
membrane. From the same ganglion typical eye movements were 
subsequently excited by the application of ‘5°/, nicotine’. Similarly 
the peripheral nerve trunks are not irritated ‘by adrenalin. : 

It may then be concluded that all the stimulation is effected at the 
periphery. Degenerative section of the sympathetic nerves does not 
hinder the action, and therefore Lewandowsky and Langley were 
inclined to refer the excitation to the plain muscle cell itself. On 
the other hand Dixon®* discovered that it was possible by injecting 
large quantities of apocodeine* to produce a graded paralysis of the 
intestinal blood vessels—though not of the muscular wall of the cat's 
bladder—so that these would not react to adrenalin, though their 
musculature contracted normally when irritated by barium chloride 
(isotonic solution), and was even so irritable as to exhibit its natural 
reaction to change of mechanical tension‘, The contractile power of 
the muscle remained, though its irritability by adrenalin had been 
abolished. Either, then, adrenalin was chemically neutralised by 
apocodeine, or the mechanism which received the stimulation of adre- 

1 Op. Langley. This Journal, xxvu. p. 226. 1901. 

* This Journal, xxx. p. 97. . 1903. 

* Liiwen (Archiv Exp. Path. u. Pharm. 11. p. 415, 1904) states that eucaine and 
tropococaine do, whereas cocaine does not, annul vaso-constriotion by suprarenin in the 


frog. He gives no further analysis. 
* This Journal, xxx. p. 498. 1904. 
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nalin was thrown out of gear and blocked. The latter alternative was 
the obvious choice, because apocodeine, in doses of 250 mgm. for the 
cat, paralyses the response of the heart or blood vessels to postganglionic 
excitation of the sympathetic nerves equally with that to adrenalin ; 
whereas even in doses of 400 mgm. it fails to affect the control of the 
bladder by the hypogastric nerves and by adrenalin. Were this an 
instance ‘of chemical antagonism and neutralisation occurring either 
within the cells stimulated or in the tissue fluids, apocodeine would 
be expected to paralyse stimulation by adrenalin in every tissue of the 
body. Such a chemical neutralisation apparently does exist between 
pilocarpine and atropine, for the latter presents everywhere the ex- 
citatory action of pilocarpine, while it fails in many instances to 
paralyse the response of a tissue to electrical excitation of its nerves. 
For instance atropine does not paralyse the vaso-constrictors, nor the 
extrinsic nerves to the large’ and the small intestine’. 

Hence Brodie and Dixon? located the irritation at the sympathetic 
nerve ending, which was defined as the “ connecting link between nerve 
fibre and muscle fibre...which. is not necessarily a constituent part of 
the muscle fibre, nor yet of the nerve fibre.” This “ neuro-muscular 
junctional tissue” would not of necessity degenerate after section of the 
nerve. Its cellular derivation, whether from neurone, muscle cell, or a 
third independent arrival is not discussed. | 
_ Anote by Fletcher‘ had described the existence in the rat’s retractor 
penis of a nervous network, as recognised by the vital methylene blue 
stain, which did not degenerate after postganglionic section of either the 
inhibitor or the motor nerves to the muscle, but did disappear when both 
were cut. If it,were true that such a peripheral network exists on all 
doubly innervated sheets of plain muscle, it would be possible to invoke 
its persistence in explanation of the continuance of response to in 
despite degenerative section of the sympathetic nerves to issue. 
I have therefore examined the reaction of the cat's iris, of its bladder, 
and of the dog’s retractor penis when completely denervated. 

_ _Denervation of the distal third of the retractor was attempted a 
simple transection of the muscle. That no nerves entered the muscle 
at a point distal to the plane of transection was considered to be proved 2 

— Langley and Anderson. This Journal, xvm. p. 86. 1895. __ 
“* Bayliss and Starling. This Journal, xx1v. p. 188. 1899. But Marshall (This 


Journal, xxx1. p. 142; 1904) and Magnus (Pfliger’s Archiv, cvmt. p. 36, 1905) _ to 


Dixon’s view of the antagonism between pilocarpine and atropine. 
® This Journal, xxx. p. 494. 1904. 


* This Journal, xxu: Proc. Physiol. Soc, p. xxxvi. 1997. 
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by the fact that upon subsequent trial-the distal isolated frseion did not 
contract when the pudic nerves were stimulated. But the distal piece 
showed more marked rhythm, and both in the body and when excised? 
gave @ more sensitive reaction to adrenalin than did the normal two- 
thirds of the muscle that were employed as a control. 

To decéntralise the cat’s bladder is easy, but to denervate it difficult, 
since the peripheral ganglia of its visceral nerves lie scattered over the — 
wall of the organ. I have removed as many as possible of these with 
the aid of a lens. But the injury caused the development of so much 
scar tissue on the bladder as to lessen its elasticity and conceal the 
changes in muscular tension. Adrenalin produced, after the ganglia had 
been removed 6 weeks, relaxation of the bladder and full constriction of 
the urethra, Excitation of the pelvic and of the hypogastric nerves was 
alike without influence on the muscle. 

The experiments on the cat’s iris were, with the kind help of Dr H. K. 
Anderson, performed after removal of the superior cervical ganglion 
and of the ciliary ganglion with its outliers on the ciliary nerves. 


Exp. 8. March 7. Cat. Under ether left superior cervical ganglion removed; also 
identified histologically. 

March 10. Left conjunctiva swollen and a little inflamed. Under ether th mgm. of 
adrenalin (1: 20,000) injected into right external jugular vein. This minimal quantity 
caused almost at once widening of the eyelids with complete retraction of the nictitating 
membrane on the left or operated side, and extreme dilation of the pupil. The right eye 
showed no response of a similar character, but soon its iris commenced to contract and 
with oscillations developed a fairly constricted condition of the pupil. This change coin- 
cided with slight bodily movements on the part of the animal, and was doubtless of central 
origin 


March 22, On this date all was completely healed, and no inflammatory vaso-dilation 
existed to accelerate the response of the left eye. Under ether j,th mgm. adrenalin 
injected into external jugular vein.. The difference of latent periods was not determined, 
but the left pupil dilated until the iris was almost invisible, while the right pupil dilated 
considerably and then quickly narrowed. Even after emergence from anesthesia the left 
pupil was still supramaximal, but the left nictitating membrane had again prolapsed. 

March 24, Two drops of 1 °/, physostigmine dropped upon cornea of each eye. These 
gradually reduced the right pupil to a narrow slit, whereas the left, the denervated, eye 
exhibited no response whatsoever. This proved that the ciliary nerves had been 
satisfactorily cut and had not yet regenerated. 


Exp, 4, July 29, 1903. Cat. Ciliary and superior cervical ganglia excised from left 
side. 


1 The excised retractor after 14 days’ denervation exhibited the usual reaction to 
temperature changes. Roughly, 35° C. marked the dividing line of the changes: warmth 
p. 221. 1901. 
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May 18, 1904. At 11.80 a.m: two drops of 1°/, physostigmine upon cornea of each eye. 
At 12,15 both pupils were narrowed, the preganglionic fibres of the third nerve having 
now regenerated to union with the sphincter iridis muscle. 

Under ether inject j,th mgm. adrenalin into external jugular vein. The denervated 
iris reacted by quicker and more extensive dilation than did the normal iris, but the 
dilation was not very prolonged by reason of the action of the physostigmine. 


The last experiment is not quoted in proof of an increased delicacy 
of the dilatator’s response to adrenalin as the result of denervation ; for 
that deduction, though true for the first, is illegitimate in the second ex- 
periment, where the different reactions of the two irides might fairly be 
attributed to the fact that the sphincter iridis which had been denervated 
was contracted less forcibly than the normal one by physostigmine. It 
is to show that the reaction to adrenalin is given as readily 10 months 
as it is 3 days after denervation. Brodie and Dixon’ offered against 
the degeneration experiments of Lewandowsky and of Langley the 
criticism that “they had not allowed a sufficient time to elapse between. 
the section of the nerve and the testing of the nerve ending by adrenalin.” 
Ten months should surely suffice to complete the required degeneration 
of the nerve endings, for in that time probably every atom of matter 
that had originally entered into the structure of the muscle and nerve 
concerned would have been displaced and fresh substituted. 

Bundles of preganglionic fibres, that have grown outward from the 
cut nerves, eventually communicate with the tissues that have been 
denervated. Anderson* found that the union of these with the tissue 
does not enable the latter to react when the nerves are stimulated 
electrically, but is essential to their reaction to physostigmine. It might 
be imagined that some nervous substance from the nerve ending should 
grow back to meet these fibres: but neither adrenalin nor physostigmine 
caused stimulation when painted at any point upon the newly — 
bundles. 

With regard to the last of the three tissues chosen for experiment, 
it is exceedingly doubtful whether the dilatator iridis is actually the 
recipient of a double nerve supply. It certainly shows an increased 
_ sensitiveness to adrenalin when denervated*, But the same observation 
was made on the dog’s retractor penis, where the double innervation is 
undeniable. . Therefore it is impossible to assign the enduring irritability — 


1 This Journal, xxv. p. 500. 1904. 

* This Journal, xxx1. Proc. Physiol. Soc. p. xxii. 1904. 

* Op, 8. J. Meltzer and Clara Meltzer Auer, who obtained a like result after 
excision of the superior cervical ganglion alone. — x1 

p- 37. 1904. 
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by adrenalin to the persistence of such a terminal network as was 
described by Fletcher, and it is plain that the substance, whose reaction 
to the presence of adrenalin is indicated by the muscular contraction, is 
not dependent for its life on the nerve cell of the peripheral ganglion. 
It cannot be a nerve ending in the ordinary sense, an ending which is 
defined anatomically as the terminal branched fibres revealed by methy- 
lene blue, or physiologically as the part that degenerates after section of — 
the nerve axon. This definition applies to the nerve endings on the 
muscle fibres of the sphincter iridis that react to physostigmine, and 
with these the phenomena are different. Constriction of the pupil by 
physostigmine vanishes, according to Anderson’s experiments, in a couple 
of days after section of the ciliary nerves, but reappears when either the 
pre- or postganglionic nerves have regenerated to fresh union with the 
sphincter muscle. 

Muscle cell. Nor on the other hand does it seem possible to conclude 
that the muscle fibre, in virtue of the fundamental properties that are 
native to the group of plain muscle tissues, is directly irritated by 
adrenalin. Indeed the law enunciating the general action of adrenalin — 
(p. 426) carries with it as a corollary that that action must depend on an 
association of the sympathetic nerve fibre with the muscle. Such an 
association might occur in one of two ways. 

Kither (i) to the plain muscle of the various organs are attached, as 
growth proceeds, sympathetic nerve fibres that have been extended 
towards each from the ganglion cells. The union would then confer on 
the muscle a capacity for stimulation by adrenalin which it would 
otherwise have totally lacked. 

Or (ii) plain muscle falls into different morphological categories that 
cannot be distinguished by the organ in which they appear, as the latter 
may be of composite structure, but are to be recognised by the bond of 
common innervation. Thus there may be a mass of plain muscle that 
developes always in continuity and vital union with its sympathetic 
nerves, that cannot arise apart from them, and with them spreads 
hither and thither through the woof of the body to complete the pattern 
finally exhibited by each organ. This view of a plastic and continuous 
muscle and nerve mass’ is the very opposite to the conception of sepa- 
‘rate units underlying the neurone theory. The distinction between 
those that are inhibited and those that are contracted is a subordinate 
line drawn within the main one circumscribing the group. 


1 Op, Gaskell, Journal Anat. and Physiol. 1905. 
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_ In considering how these morphological views must affect any scheme 
of the double innervation of an organ it is necessary to examine again 
the evidence that is given by poisons. Apocodeine prevents contrac- 
tion of the blood vessels by adrenalin, through leaving the fundamental 
contractility of the muscle unaltered. Chrysotoxine acts in precisely 
the same way but over a wider area, for it paralyses contraction in 
response to adrenalin and to sympathetic excitation in all the 
abdominal viscera as well as in the blood vessels. Yet it offers 
but little hindrance to inhibitor effects in this group. And while 
barring ingress of a sympathetic motor impulse it gives unrestricted 
passage to motor and inhibitor impulses by the antagonistic visceral 
(autonomic) nerves of the cranial or sacral class, There is no need 
to abandon the general opinion that antagonistic nerves each innervate 
identical muscles in an organ ; and so chrysotoxine proves that a muscle 
fibre may be deprived of its irritability for adrenalin, and yet retain not 
only its own simple sensitiveness to mechanical stimuli, but in addition 
its power of reacting to the antagonistic visceral nerves. 

One may therefore securely recognise in the muscle nerve system 
a contractile muscle fibre, which has simple features of irritability that 
are probably common to all the plain. muscles of the body, but which is 
not directly excited by adrenalin. This contractile mass is related 
to a less differentiated mass, of cell protoplasm together with the 
nucleus of the muscle cell, and also to a nerve cell by the latter's axon 
process. Whatever be the manner in which this connection is first 
made it must ultimately result in continuity of substance between 
muscle and nerve, So we system may be represented by the diagram 
Fig. 10. 

Nerve cell (1), its axon (2), and ondians (3) are not stimulated by 
adrenalin. Muscle fibre and cell can be so altered by poisons that 
the former shall react normally to all stimuli except those of adrenalin 
or the sympathetic motor nerve impulse. Probably, therefore, the 
muscle fibre (5) is quite unaffected by these poisons. There remains 
the substance (4). 

The muscle of the cat’s bladder receives motor fibres from caval 
nerves. Inhibition of this muscle by adrenalin is correlated with its 
union with sympathetic inhibitor nerves, a specific development in the 
cat. But on p. 404 were mentioned two abnormal instances of animals 
that in this respect had failed to develope the nervous potentialities 
of their race, and similarly the muscle of their bladders failed to react _ 
to adrenalin. 7 
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So inhibition of a muscle by adrenalin is simply determined by its 
possession of sympathetic inhibitor nerves, and has no reference to 
properties of the muscle itself. 


Fig. 10. Diagram of doubly innervated muscle-nerve system. (1) the sympathetic motor 
ganglion cell, (2) its axon, and (3) the nerve ending; (4) the myoneural junction; 
(5) the contractile muscle fibre. (1a) and (4a). the corresponding parts of the 
inhibitor mechanism. To simplify the diagram the motor myoneural junction =" is 
represented as spatially separated from the inhibitor (4a). 


It is probable that contractile irritability also arises under the same 
conditions. The selective action of adrenalin can only be explained so, 
or by the second of the two morphological views named above. But 
it is not easy to imagine how the blood vessels of the lungs or heart 
should differ in their intrinsic-musculature from those of the intestine 
to such a morphological, 1.e. biochemical, degree that the one set should 
be slightly dilated by adrenalin, the other so powerfully constricted. 
Plain muscle, whether or no it can develope independently of any 
nervous connection, unquestionably exists in the body without connection 
with the sympathetic nerves, for example the bronchiole muscles’. 
Such is absolutely uninfluenced by adrenalin in the physiological sense. 
It may he that in some instances functional sympathetic innervation is 
added as a later gain. Thus the contrast between the ventricle of the 
tortoise’s heart and that of Amphibia and Mammalia suggests that the 
functional supply of cardiac augmentor, as of inhibitor, nerves is not a 


- 1 Brodie and Dixon, This Journal, xxrx. p. 171. 1903. 
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catholic possession but a peculiar development in one division of the | 
vertebrates. 

But when plain muscle developes connection with sympathetic 
nerves it must at the myoneural junction acquire a mechanism that can 
receive the nervous impulse, and thereupon initiate the appropriate 
‘ muscular response. That part of the junction which is irritable by 
adrenalin is on the muscular side, in so far as its tropic centre lies in 
the muscular nucleoplasm. But though its parent is the muscle, it 
would not have been called into existence had it not been for the 
‘developing union with a sympathetic nerve cell. Furthermore, if it 
were shown that the nervous excitatory impulse is of the same nature, 
whether travelling down a motor or inhibitor peripheral axon’, then 
it would be the function of the myoneural junction’ to determine 
whether the change of muscular tension shall be positive or negative. 
And this assumption would find support in the analogy of the response 
to adrenalin. The one stimulus, adrenalin, applied from without in the 
place of a nervous impulse arriving down the axon, may provoke either 
inhibition or contraction; and the decision as to either change rests 
upon the reacting mechanian at the periphery. | 

The conclusion—that adrenalin excites not the muscle fibre directly, 
but a substance developed out of it, and in consequence of the union of 
the sympathetic axon with it—would seem to be clearly founded on the 
instances, as those of the bladder and the bronchioles where the muscle 
in default of sympathetic innervation is totally irresponsive to the 
presence of adrenalin, were it not for the class of reactions discussed 
on page 415. 

There are some tissues, ¢.g. the cat’s arrectores pilorum, which are 
beyond doubt in very efficient union with the sympathetic nerves. 
From these they must receive a considerable number of nerve fibres, 
for electrical excitation of the nerves to any area causes strong con- 


1 Cp. the experiments of Langley and others on the crossed regeneration of visceral 
nerves. The preganglionic vaso-dilators of the lingual nerve can, when joined with cells of 
the superior cervical ganglia that possess postganglionic vaso-constrictor axons, produce 
constriction of the ear vessels. The crucial experiment, in which both the crossed nerves 
shall be postganglionic, is lacking: functional regeneration would probably be impossible 
unless both belonged to the sympathetic system. 

* Such a compendious word as myoneurokoll might be used to designate this 
mechanism. But that would be. objectionable since it suggests a nature akin to that 
of the supposed inactive ‘‘cement substance” (cp. Waldeyer, Archiv f. Anat. u. Physiol. 

p. 1, 1901), and moreover prejudges the doubt in favour of the neurone theory, as well as 
muscle. 
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traction of the muscles concerned. Yet they are not thrown into 
powerful contraction by adrenalin. In explanation it was urged that 
all such abnormal reactions to adrenalin can be grouped together as 
manifested by tissues that are not the recipients of frequent functional 
impulses through the sympathetic nerves. But the acceptance of this 
view allows a premiss, for an argument ending in an opposed conclusion, 
namely, that it is in fact the plain muscle as such which is excited by 
adrenalin. For if the reaction varies with the frequency of arriving 
impulses and if no impulses arrive, the muscle will never undergo the 
education to such irritability, and the main factor is not the absence of 
‘myoneural junction, but the lack of exposure of the muscle to sym- 
pathetic nervous impulses. 

However, the sum of the evidence is opposed to such a deduction. 
The action of apocodeine and chrysotoxine denies it. And it is supported 
by no analogy. All other substances but adrenalin evoke from the 
group of plain muscle tissues, when stimulating them directly, a 
reaction differing only in degree and not in kind in each tissue. It 
is the peculiarity of adrenalin to cause sharp contraction in the one, 
and relaxation in the other. The cause is the same: the effects differ. 
Therefore the reacting substances must be different. And since other 
mechanical and chemical stimuli do not point to marked intrinsic 
differences in the plain muscle fibres, whereas they do reveal differences 
in the “nerve endings,” it may for the present be decided that the 
difference is inherent in the myoneural junction. 

The specific reaction to adrenalin marks the deep dis- 
tinction between the myoneural junctions of the sympathetic 
nerves on the one hand, and of the cranial or sacral auto- 
nomic on the other together with all the preganglionic 
“gynapses'” which are rather related biochemically to the junctions of 

1 It may well be at a similar junction between preganglionic axon and peripheral- 
ganglion. cell that nicotine exerts its excitant and subsequent paralysing action. 
The excitation is not abolished by degenerative section of the preganglionic axon 
(Langley, This Journal, xxvu. p. 229, 1901), and therefore it is received by something 
that depends for its life on the nucleoplasm of the ganglion cell. But if it be the ganglion 
cell itself that is excited by nicotine, then the cell body must differ biochemically from its 
axon, for the latter and its nerve ending on the peripheral tissue are neither stimulated nor 
paralysed by large doses of nicotine (10 mgm. of nicotine will abolish the action of the 
cervical sympathetic on the rabbit’s pupil, while 1460 mgm. fail to affect the postganglionic 
fibres. Langley and Dickinson, Proc. Roy. Soc. xuvm. p. 880, 1890). There is a com- 
munity between the endings of all preganglionic axons of every division of the autonomic 
system and those of the motor nerves to skeletal muscle. All these synapses, and only 
these in the mammal, are excited and then paralysed by nicotine. (Cp. Langley and 
Anderson, This Journal, xm. p. 460, 1902.) 
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the skeletal nerves with the striped muscles’. The specificity holds, so 
far as present experiments have gone, throughout every tissue of every 
member of the Vertebrata. It surmounts the distinction between motor 
and inhibitor sympathetic nerves, and attaches to muscle fibres differen- 
tiated so far asunder as those of the rhythmically pulsatile heart xt'of 
the slowly and tenaciously constricting urethra. 

- The irritability of the muscle toward adrenalin depends on the differ- 
entiation of part of its substance to form the myoneural junction. And 
it has been shown that the sensitiveness of reaction depends on the 
frequency with which it receives sympathetic nervous impulses in the 
reflexes of daily life. Once, however, the sensitiveness has been de- 
veloped, it does not in the life of the individual become dulled by the 
total abeyance of arriving impulses, such as, for instance, is caused 
by degenerative section of the nerves. Then, indeed, the junction 
acquires an exaggerated irritability ; as is the case with decentralised 
or denervated tissues in respect of any chemical stimulus, for example 
in their increased sensitiveness to the products of asphyxial distress 
that evoke the phenomena of “paradoxical pupillo-dilatation®.” _ 

Contraction after denervation. The experiment (3) described on — 
page 431 illustrates the augmented irritability of the cat’s dilatator 
pupille when denervated. The change—which, it should be noted, is 
manifested by a prolongation as well as by a greater delicacy of 
response—appears in 24 hours, and w was observed 10 months after he 

operation. 
The has been ally ¢ described by the Meltzers*, who 
explain it, not by an essential increase of irritability, but by the 
removal of inhibitor impulses which they suppose to be constantly 
streaming to the dilatator muscle from the cells of the superior 
cervical ganglion‘. The change is prettily illustrated in their experi- 
ments by the fact that subcutaneous injection of adrenalin or instillation 
into the conjunctival sac does not cause dilation of the normal pupil of 
the cat or rabbit', but does so after denervation. Entire removal of the 
ganglion is necessary. Section of the preganglionic fibres of the cervical 
sympathetic does not produce sufficient change. A like yreater delicacy 
of reaction is exhibited by the denervated blood vessels of the ear. 

1 Cp. Langley and Anderson, This Journal, xxx. p. 865. 1904, - | 

2 Cp. Lewandowsky, Siteungsberichte Kgl. Preuss. Akad. Wissensch. 1900, p. 1136 ; 
and Arch, f. Anat. u. Physiol. 1908, p. 367; Anderson, This Journal, xxx. p. 290. 1903. 

* American Journal Physiol. x1. p. 28, et seq. 1904. 

* Loe. cit, p. 48. 

5 Though effective in the frog; American Journal Physiol. x1, p. 464. 1904. 


’ 
My 
& 
+ 
ae 
ing 
dog’ 
i 
é 
| 
oe 
a 
% 


ACTION OF ADRENALIN. 439 


Meltzer describes it as an abnormality in the rabbit that mere section | 
of the cervical sympathetic, without removal of the ganglion, is sufficient 
to ensure persistence of vaso-constriction in the ear vessels when 
adrenalin is injected. On his view that the phenomenon is. caused 
by the arrest of inhibitor impulses normally emanating from the 
peripheral ganglion this would assuredly be a difficult instance. But 
it presents no stumblingblock when referred to a definite increase of 
irritability of the peripheral tissue. Usually this increase is not in 
evidence unless the tissue be actually denervated by section of the 
postganglionic nerves. In the ear vessels, however, it appears in 
sequence to simple decentralisation by section of the preganglionic 
axons’, | 

Other blood vessels of the body show the same change as the result 
of denervation. Operating on a cat, I have removed both stellate 
ganglia, the inferior mesenteric, and all the mass of the semilunar 
ganglia. Seven days later the animal was examined under ether. The 
injection of 006 mgm. adrenalin (th minim of ‘1°/, solution) evoked 
an abnormally prolonged reaction sae the intestinal blood vessels and 
from the heart, 

_ The retractor penis also is after denervation more easily excited 
by adrenalin (cp. p. 430). | 

Langley, after excision of the superior cervical ganglion, found 
that suprarenal extract produced the “usual slight erection of hairs 
on the face area*.” The subjoined experiment proves further that the 
hair muscles agree with the rest in exhibiting greater irritability 
when denervated. 

Exp, 5. Feb. 18. Cat, Under ether left stellate ganglion excised from behind : the 


operation was performed according to Anderson’s method? without opening the thoracic 
cavity. The wound healed cleanly. 

Feb. 28. Oat anmethetised with ether. 

The orbital cavity was then opened by removal of the malar bone, and the sympathetic 
nerves to the dilatator, which accompany the vein running on the temporal side of the 
ee were repeatedly stimulated in each eye. 


stellatum in the ramus vertebralis (Fletcher, This Journal, xxu. p. 259. 1898). These 
were untouched by Meltzer. His operation included only the remaining vaso-constrictors 
that pass up the cervical sympathetic, and then as postganglionic fibres along the branches 
of the external carotid artery. 

2 This Journal, xxvu. p. 253. 1901. 

® This Journal, xxx1. 1904; Proc. Physiol. Soc. p. xxi. 
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Local pupillo-dilation resulted. That on dhe right side within 165 sedonds 
of the cessation of stimulus : but the left, or decentralised dilatator showed:a more persistent 
contraction, so that irregularity of the. pupil was observed for two minutes or more. The 
difference was most obvious at the tenth second after end of stimulation ; then the left iris 
had rarely commenced to constrict, whereas the right was rapidly returning to its original 

wae now. injested into the vein, The left iris 
showed greater and much more prolonged dilation than did the right; and the left ear 
vessels remained constricted much longer than those on the right, which soon passed into 
a secondary state of dilation. ee 
those on the right could not be seen to move at all. : 

Hence it is apparent that not only do the arrectores pilorum react 
more sensitively to adrenalin after denervation, but that decentralisation 
alone—for removal of the stellate ganglion interrupted only the 
preganglionic axons to the dilatator pupille—causes a like, if less 
pronounced, change in the muscle of the iris; and that it also prolongs 
the contraction caused by electrical excitation of the —— 
nerves. 

The ‘constriction of the urethra by adrenalin is for the first ‘week 
or more after section of the hypogastric nerves (the ganglion cells being 
in the inferior mesenteric ganglia) somewhat lessened, although ulti- 
mately the reaction regains full power. However, on this exception 
- much emphasis cannot be laid, since my experiments involved denerva- 
tion of the entire urethra and did not permit a contrast to. be made 
between the behaviour of a denervated part of the urethra and ~~ 
of a normal part as a control. 

Inhibition. Greater ease of inhibition as the sequel to dusieeeedlad 
mu have not observed. But I have tested the point as yet. only on the 

t’s bladder, and in six experiments. It is impossible to name the 
sobntshal amount of adrenalin normally needed to produce relaxation. 
In some animals, and in those especially in which the hypogastric 
nerves are potent inhibitors, “15 to ‘3 mgm. is effective: in others 
‘6 mgm. is required, and even that, while rapidly lowering. the pressure 
in an isotonic record, may not cause great voluminal relaxation and not 
arrest, the rhythm of the muscle.. Hence a greater number of experi- 
ments is needed for assurance, | 

From those made the following facts appeared. Three days. after 
degenerative section of the hypogastric nerves, the bladder being in 
high tone arid its pelvic nerves uncut, °8 mgm. adrenalin caused no, 
but °6 mgm. fair, relaxation. Six days after section the bladder of the 
etherised animal was‘found again to be in high tone and without 
ee movements. Preganglionic section of the pelvic visceral 
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nerves, which are now in all cases swollen, did not lessen this tone ; 
and electrical excitation of them did not evoke full voluminial con- 
traction’, though the isometric pressure rise was but little below 
_normal, Adrenalin, ‘3 mgm., did not relax the bladder: “6 mgm. did, 
but slowly. However, while unable to produce extensive relaxation, 
it still further lessened the contractile power of the pelvics, and this 
paralysis was more prolonged than in the normal bladder (cp. Fig. 11). 
After 10 days’ degeneration the bladder relaxed with normal rapidity 
when stimulated by adrenalin. 

Probably this lesion involved only the preganglionic axons? of the 
inhibitor apparatus. But the removal of all the ganglia from the wall 
of the bladder, while greatly lessening the response to adrenalin applied _ 
14 days later, left the muscle after 44 days nearly as responsive as that 
of the normal bladder. _ | 

This, then, is true for all the muscles* thrown into contraction 
by adrenalin, that after decentralisation (te. degenerative 
section of the preganglionic sympathetic nerves), and still 
more clearly after denervation (degenerative section of the 
postganglionic sympathetic nerves), they contract in the 
presence of adrenalin alike with greater irritability and 
persistence. The corresponding lesions of the inhibitor 
muscle-nerve system result also in a more prolonged in- 
hibition by adrenalin; but perhaps not in — irrita- 
bility. 


3. EVANESCENCE OF THE MUSCULAR RESPONSE. 


A signal characteristic of the stimulation of the myoneural action 
by adrenalin is that it is transient, yet capable of identical repetition so — 
soon as a fresh quantity is applied. In this respect also the stimulation 
resembles that by excitation of the sympathetic nerves, Just as the 
muscle reacts so long as the nerve is being irritated, returns to its 
original tension during the interval after excitation, and then, showing 
but little fatigue, reacts as before when the nerve is excited anew ; so 
too does it answer to each injection of adrenalin into the blood vessels. 


1 Op. Langley and Anderson. This Journal, xrx. p. 882. 1896. 

2 Cp. Stewart. American Journ. Physiol, m. p.1. 1900. ; 

3 Langley (This Journal, xxvm. p. 242, 1901) observed in the cat that after excision 

of the superior cervical ganglion suprarenal extract caused a more abundant secretion from 
the lachrymal gland on the side that had been denervated. 
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From this point of view the stimulus may be. contrasted with that 
by such chemical substances as physostigmine or barium chloride, that 
are foreign to the body and produce a more abnormal and lasting 
reaction. Physostigmine attaches itself to. the nerve endings on the 
sphincter iridis and, persisting there, acts as a prolonged irritant. All 
such cases are due to the enduring. presence of the foreign stimulant 
at the place of excitation. Adrenalin differs in that it disappears. 

The rapidity and prolongation of response vary with the quantity of 
adrenalin presented to the tissue. So soon as that . quantity has 

disappeared the stimulus ceases; and is renewed. when a fresh amount 
of adrenalin is introduced. But with repetition the threshold of 
stimulation rises, so that soon a higher percentage ‘of adrenalin in the 
circulating blood is required to effect stimulation: and ultimately the — 
muscle may show but little reaction although adrenalin still remains in 
the blood’. This stage of indifference is reached early by tissues that 
are at no time very susceptible to the presence of adrenalin, eg. the 
arrectores pilorum of the cat and the peripheral inhibitor mechanism of 
the macacque ’s bladder. But the cat's intestinal blood vessels will 
contract again and again in answer to every fresh injection. } 

To the first injection the blood. vessels are very sensitive. This 
irritability cannot be fully expressed by the percentages of adrenalin 
introduced into the blood. High rise is caused by 02 mgm. ina cat . 
under urethane and containing about 100 cc. of blood. But the 
essential criterion of reaction to extremely low concentration is the 
rapidity of the rise. This is at first almost perpendioular and im- 
mediate. Therefore the muscles contract. when the percentage of 
adrenalin at the myoneural junction has attained a very low figure. 
With repetition a larger quantity and a longer latent period are 
needed. | 


The question of fatigue by adrenalin needs further study. In such 
tissues as the blood vessels, which are very irritable by adrenalin, fatigue 
developes together with a proportional indifference to stimulation of the 
sympathetic nerves. In less irritable tissues the parallel fails. 

Nearly all the tensile changes caused by adrenalin in plain muscle 
external to that of the blood vessels are of no longer duration than the 
vascular constriction itself, and they fail sooner with repetition. 
Therefore it is a legitimate simplification to accept return of blood- 
pressure to its original level as a sign that all the plain muscle has 


Op. Battelli, Comptes rendus Soc. de Biol. 1902, p. 1518, ibid. 1904, 
p. 800. Also Suymonowics, loc. cit. p. 114. 


(2 
2 
A 
+ 
q 
4 
x 
he 


~ ceased to be’ affected by adrenalin. The only caution needed is that 
the ‘heart’s action should be considered. In some cases the great strain 
thrown upon the heart while it endeavours to beat at increased rate, in 
the face of a steep rise of blood-pressure, and with over-distended 
cavities, results in pericardial effusion of serous fluid! which still further 
hinders its work. Then the blood-pressure drops although the blood 


vessels are still constricted, and though’ such other indications of 


adrenalin effect as dilation of the pupil are still manifest.  Heart- 
failure of this character completely hides vaso-constriction by succeeding 
doses of adrenalin. If it be avoided by opening the pericardium a rise 
of blood-pressure can be produced again and again, even — each 
— comprise 1 mgm. of adrenalin. 

‘By examining blood drawn from a cat the moment that the blood- 
pressure has returned to the leyel which it held before the injection of 
a given quantity of adrenalin, one finds that the substance has then | 
disappeared almost entirely from the blood. The method of deter- 
mining the presence of adrenalin in the sample is narrated on p. 447. 
At the same moment too the injected adrenalin will have ceased to 
affect the cat’s bladder, eye, urethra, ileo-colic sphincter, etc., so that the 
disappearance from the blood cannot be simply explained by diffusion 
into extravascular tissues*. The substance vanishes from every point. — 

following experiment shows that large of 
may so be destroyed in the body. 


Exe. 6. Two cate nck with other and ctethane, 1-95 gu. par 
vagi cut. Blood-pressure record from carotid artery of each. All samples of blood were 
withdrawn from the femoral artery, whipped, filtered through glass-wool, and injected into 
the external jugular vein. Each cat received injections of defibrinated blood from its 
fellow,, until it could tolerate ee 
10 mm, Hg. 


11.45. Cat A received hinges. danas: b,-p. rose 150 to 220 mm, Hg. 
11.48. a; 
11.66. blood contained no demonstrable adrenslii. | 
12.5. A received ‘8 mgm, adrenalin, b.-p. rose 145 to 220 mm, Hg. 


12.14. 9, 99, ” ” 130 to 220 | 


. ' Lesage, I find, remarked upon the great pericardial effusion in the eat and upon its 
absenée in the dog and rabbit (Arch, Internat, dn 
p-, 245, 1904). 

eliminated by the kidneys, for these glands cease to excrete during the period of vaso- 
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12.26, blood ¢ontained no adrenalin, 

12.46. . 140 to 178 

12.50. 4’ pupils still dilated, b,-p. at 150 mm, Hy. nate 

1.17, A’réceived 1 mgm. adrenalin, rose: 95 t0 170 mm. Hg: 

1,24. ye 140, no rise, 

1,25. 5'a.c, of A’s 8 blood contained “02 mgm. adrenalin, é.e. ‘its entire blood volume 
contained about mgm, 


1.45, A received 1 mgm. adrenalin, b.-p. rose 60 to 115 mm. Hg... 


1.48. 6c.c, of A’s blood contained no demonstrable adrenalin, but ry substance which 
produced rhythmic oscillatory waves of blood- “pressure, — 


The test cat reacted to ‘01 mgm. in 5 c.0, of blood, and therefore would easily indicate 
any quatitity above ‘2 mgm. circulating in the entire volume of 4’s blood. 

Therefore from A’s blood 2 mgm. had disappeared in 21 minutes (12°5’ to 12°26’) : 
later 8-mgm, were in 8 minutes (1°17' to 1°25’) reduced to less than *5.mgm. And after 
a total disappearance of 7°5 mgm. « further dose of 1 mgm. was in 8 minutes (1° 45’) 
reduced below -2 mgm., probably to nothing. The disappearance is much slower if the 
quoted, 

The. cat’s blood vessels, then, show fatigue, but do not dices the | 
ultimate condition of indifference to adrenalin. A final failure of 
reaction, even in. the blood vessels, is illustrated by an experiment of 
Harris and Weiss’. Having arrested the circulation in one leg of 
a frog by clamping the iliac vessels, they injected adrenalin (quantity 
not stated) into the aorta. The blood vessels in the web of each foot 
were observed under microscopes. Those of the ligatured side were 
unaffected, whereas those of the other at once contracted. Slowly this 
contraction relaxed until in the end free and normal circulation through 
the web was again established. At this moment the clamp on the 
opposite leg was loosened, and the entry of the blood into the vessels 


was succeeded by intense vaso-constriction®. In a control experiment 


without adrenalin, in which ischemia of similar duration was practised, 


the removal of the clamp was not’ succeeded by constriction. Therefore 


in the first experiment the blood of the frog contained adrenalin although 
the tissues which had been long exposed to its ange had ceased to 
be thereby stimulated. 

There are then two events to be considered : 

(1) The actual disappearance wis ™ stimulating substance, 


adrenalin. 


1 Pfliiger’s Archiv, cut. p. 510. 1904. 
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‘(2) The ultimate failure of the tissues to respond to adrenalin 
en present, this failure depending partly on a developed tolerance 
d partly on an increasing exercise of tonus by the antagonistic visceral 
nerves, Be it remarked that the indifference is not associated with such — 
fatigue of the muscle and nerve that they --no longer react to any 
stimulus. 

Disappearance. The disappearance pees the blood has been discussed 
by a number of workers. Adrenalin is not destroyed when mixed with - 
blood outside the body’. After standing an hour in well aérated blood 
at a temperature of 39° it suffers but little loss, even in so weak a 
solution as that of 06 mg. in 10 cc. of blood. | 

But it does disappear rapidly when exposed to the air in alkaline 
solution, ' eg. ‘2°/, Na,CO,. Embden and Von Fiirth stated* that — 
neither perfusion through the organs nor aération in contact with the 
pounded viscera or muscles caused any appreciable amount of adrenalin 
to.disappear. But their experiments are valueless.since they used huge 
quantities of the drug for perfusion, 50 mgm., a total amount with 
which 10 intact cats could barely deal. Langlois* on the contrary 
found that extracts of the suprarenal glands were rendered inactive 
when ground with rabbit's liver or intestines, but not by the lungs.. He 
also perfused a cat’s lungs in situ, respiration having ceased, with 
a saline extract of the glands and found but little loss. Battelli‘ 
perfused blood containing adrenalin through the liver and noted that its 
disappearance was in part determined by the supply to the latter of 
oxygen. And Livon® observed some destruction of adrenalin when 
triturated with the liver, but none with the fresh skeletal muscles of the 
guinea-pig. 

The conclusion to which Langlois was led was that the liver is the 
chief seat of oxidation of adrenalin. But perfusion through other organs 
is equally. attended by loss of adrenalin, and therefore the liver is not 
solely responsible for the change. Langlois (loc. cit. p. 1898) had 


1 Oliver and Schafer. This Journal, xvi. p. 273, 1895; and Langlois, Arch. 
Physiol. norm. et path. 1898, p. 124, with suprarenal gland extract. Langlois remarks, 
however, that the oxidases in the blood of the crayfish can very quickly destroy the active 
substance. Neujean (Arch. Internat. Pharmacodyn. et Thér. x11. p. 45, 1904) found that 
poisoning with carbon monoxide or sodium nitrite, so as to convert oxy- into mctheimo- 
globin, did not prolong the blood-pressure rise. 

2 Hofmeister’s Beitriige, rv. p. 421. 1903. 

* Comptes rendus Soc. de Biol. 1897, p. 571, and Archives de Physiol. norm. et path. 
1898, p. 124. 

* Comptes rendus Soc. de Biol. 1902, p. 1518. 
1904, pp. 589 and 1118. 
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instanced in support of his view the fact that slow injection of a gland 
extract into the mesenteric vein of a dog failed to cause rise’ of blood- 
pressure, Carnot and Josserand' extended the application of this 
method, employing a solution of adrenalin of known strength. In their 
experiments the tissues supplied by the peripheral carotid or the femoral 
artery in the dog were able to prevent the onward passage to the 
circulation of a slight quantity of adrenalin. The liver caused rather 
less diminution. But injection into the mesenteric artery of even 
064 mgm. per kilog. 
pressure. 

The disappearance in such tiesves as the intestines will be greatly 
aided by the intense vaso-constriction that completely arrests the progress 
of the blood and gives longer time for the drug to diffuse out of the blood 
vessels. Indeed unless a large volume of solution and a high pressure of 
injection were employed none of the injected fluid would ever pass the 
barriers of peripheral constriction, nor reach the rest of the vascular 
area which was used as an indicator of the presence of adrenalin in the 
fluid. Another objection, which renders it impossible to contrast in 

detail blood-pressure rises obtained at different points of injection, is 
_ that the area of the vascular system indicating the presence of adrenalin 
varied in the different experiments. 

“More exact measurements than those of Carnot and Josserand 
I have not obtained. But I have confirmed their chief statement of the 
disappearance of adrenalin by repeating their experiments, and also by 
perfusing the excised organs with defibrinated blood containing 
adrenalin. This last I have done with the lungs and intestines. The 
amount of adrenalin _—e was determined by testing the blood on 
a second animal. 


Quantitative estimation of adrenalin, of: blood 
can hardly be determined chemically. Battelli? has indeed elaborated 4 colorimetric 
method which turns on the ability to standardise the green tint produced by the addition 
of ferric chloride to an extract of blood. But on the whole the physiological test by rise 
of blood-pressure seems to provide the most trustworthy means of measurement. The only 
difficulty is that of ensuring perfect uniformity of response in the test animal, when 
samples of defibrinated blood containing adrenalin are injected. 

In the first place an even action of the heart must be secured by section of the vagi and 
also by the use of some drug to abolish the occasional inhibition effected by the peripheral 
Atropine will attain this end, removing all 


de Biol. 1902, p. 1472. 
And Abelous, Soulié, and Toujan(C. R. Soc. de Biol. 1905, p. $01} make. 
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448 BLBIOTT.!. 
Gonesivities from the curve of bloodpressure ‘and, converting it) into one with an even 


plateau;and smooth fall. I find it simpler, however, to employ urethane! alone, 1:25 gm. 


per kilog. for a cat, and avoid varying concentration of gaseous anwsthetics in the blood. 
With this and the vagi cut ‘a perfectly uniform reaction is obtained. A simple curve can 
then be plotted of thé maxima’ of blood-pressure attained by increasing doses injected in 
equal periods of timhe;, and by inférpolation ‘one may deduce trom these known values the 
quantity of adrenalin contained in: the, blood injected. 

Provide that the blood-pressure be seriously depressed by partial fatlgre ‘of the 
circulatory system, it does not greatly matter from. what level the rise has occurred, for 
it is not the total rise but the maximum attained that indicates the amount of adrenalin 
injected. it is to state ‘merely rise of or y mm, mercury without reference to 
the level left or gained. 

The circulatory system of each species has its possible maximum of blood-pressure, 


‘ 


the ferret at~ — 940 mm. 

in the sivet cat at 260 ,, (exp)  .. 
inthe rabbitet ,) 
in the goat (l exp.) at 180 ,, | herbivores = = __ 
in the macacque at 190 ,, { soon fatigued. 
in the guinea-pig at +160 ,, 
in the fowl at 150 ,, (lexp.) 


In the cat under urethane this maximum is attained when even so small s dose as 
03 mgm. is injected into the external jugular. Quantities beyond that can be estimated 
roughly by comparison of the areas enclosed by the curves of prolonged rise of blood- 
pressure: but in all instances it is preferable to dilute the solution so that a quantity less 
than ‘03 mgm. shall be injected. As a standard solution I have always used Parke, Davis, 
& Co. adrenalin (Takamine) +1°/, with chloretone, since it ie of uniform strength and 
keeps well. 

As stated above, the rise varies with the vein chosen for injection. The same vein, and 
the external jugular is best, should always be employed. It is needless to emphasise the 
necessity that injections of equal volumes should be made in equal times. Of defibrinated 
cat’s blood I have generally injected 5 ¢.c. in 10 seconds, washing qll in with 1 ¢.c. of 
normal saline. 

Lastly must be considered the fall of blood-pressure produced by: defibrinated blood 


perhaps by this partial paralysis abolishes the visceral reflexes that are otherwise associated 
with and perturb the pure rise of blood-pressure. In a cat under ether and urethane, 
1°25 gm. per kilog., the excitability of the postganglionic pupillo-dilator nerves is so 
reduced that with the inductorium used it was necessary to push the secondary coil to 
18 cm., whereas the minimal stimulus with ether alone was at about 280m. Another 
tnoleenes of the depression of irritability is that inspiratory ‘tonus and irregularity of 
respiration do not succeed to section of the vagi' after urethane. Excitation by adrenalin 
is undiminished. But Brodie and Dixon observed (This Journal, xx1x. p. 160, 1903) 
that urethane anesthesia abolishes the action of musearine on the alimentary canal and 
delays constriction of the bronchioles by the same drug, a 
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itself, Despite Brodie’s’ statement, this occurs after section of the vagi. ' Therefore it 


is necessary to interchange samples of defibrinated blood between the test cat and that 
providing the blood to be tested, until tolerance* is shown by a very slight fall. The volume 
and pressure of the blood in the test animal must of course be kept fairly constant. In. 
an animal on a warm table and anwsthetised with urethane and a little ether, the blood- 
presstire will remain at: 130 or 140 mm. for hours. The increase of blood volume by each 
sample tested should be compensated by subsequent withdrawal of blood. 

It is advisable in' every instance to control the blood-pressure rise by observing vision 
the typical reactions are also exhibited by the eye and its accessory structures.. 

I am greatly indebted to Dr W. E. Dixon for his kind help in the perfusions. Three 
complete experiments were made, all giving harmonious results. No stress is laid on the 
absolute measurements of he various data, for the circulation of defibrinated blood through 
an excised and: dying organ is but a sorry imitation 
animal, 

Exp. 7. Lungs:—The cat = pithed, its carotid cut across, and the blood collected. 
Perfusion of the left lung was arranged through a cannula in the pulmonary artery, with 
return from a cannula tied in the left auricular appendix; the root of the right lung and 
the base of the ventricles were ligatured. The lungs were covered by the pleura, and above 
that by warm moist flannels, To avoid further clotting the vessels were first washed 
through with defibrinated blood and that again whipped. 

To 35 ¢.c. of blood were then added -36 mgm. adrenalin (6 minims of -1°/, solution, 
Parke, Davis). Of the mixture 5c.c. were placed aside in an incubator at 38°. The 
remaining 30 c.c., together with 10 c.c. residual in the apparatus and lung vessels, were 


perfused under an air pressure equivalent to 25 mm. Hg, from a reservoir which was 
surrounded by a water-bath at 38°. The blood met with no further resistance to flow 


after the addition of adrenalin, and rushed through at the rate of 60c.c. a minute. 
Samples were tested for adrenalin after the completion of several cycles. Contrasted with 
the contro] after so many as eleven complete perfusions, the sample indicated a total loss 
by the blood of at the most 1 mgm. out of the :31 mgm, perfused. 

Intestines :—In one experiment the perfusion was made through the intestines of the 
eat, which had already provided the lungs: in other two, fresh intestines were used. The 
length from the duodenum to the first third of the colon was ligatured off.. Cannulx 
were tied in the superior mesenteric artery and vein, and the viscera then placed within 
hot flannels in a bath of Ringer’s solution at 38°. Attention was paid to the temperature 
because its depression delays disappearance of adrenalin in the intact animal, A pressure 
of 50 mm, mercury was used to wash the vessels through. The control sample with the 
known quantity of adrenalin was prepared from blood that had thus been washed 
during perfusion. 

After adding adrenalin, to the perfusion blood the pressure must be raised above 
100 mm. Hg., and the rate of flow sinks tol c.c, a minute. A total disappearance of 
about °6 mgm. was obtained in each experiment, whether this were subtractive from a 
larger quantity perfused at once, or additive as when *31 mgm. disappeared entirely after 
the second perfusion of a given volume of blood, and again ‘31 mgm. by the third complete 
perfusion of the same volume of blood, whereas finally of -4 mgm. that had been added to 
the abd pastused twics only -06 mgm. disappeared. 

This. limit to the disappearance answers in he loss in 


i 


1 This Journal; ‘xvi. p.'48. 
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the intestinal perfusion was due to diffusion into the saline solution surrounding the 


intestines. There is also the objection that despite the more numerous perfusions, the 
total time during which the perfused blood was in contact with the tissues was by reason 
of the slower flow greater for the intestinal than the lung vessels. 


. Though the conditions of perfusion were faulty, the experiments 
described illustrate the fact that adrenalin does not disappear when 
circulated through the lungs, but does to a definite and limited extent 
in the isolated and dying intestines. This separate examination of the 
excised organs yields results agreeing with what may be deduced from 
the differences observed in the general rise of blood-pressure when 
different veins are chosen for intravascular injection of adrenalin. 


Exp. 8. Cat ansethetioed with urethane and ether. Vagi, cervical sympathetics, and 
both splanchnics cut. 

10.3. Inject 075 mgm. seit th 4000) in 15” by needle syringe through wall of 
portal vein into flowing current of blood. Blood-pressure slowly rose from 92 to 
110 mm. Hg. . 

10.10, ditto into external jugular vein. 
_and nictitating membrane was fully retracted. . 

10.20. Inject mgm. in 90” into portal vein. Very vis trove 05 to 108 mm. 

10.26. Inject ‘15 mgm. in 60” by needle syringe into femoral artery. Needle filled artery 
membrane moved a little. 

10.28. Same injection in 75”: nictitating did not move, and blood-pressure rose very 
slowly 84 to 94. Needle was at once removed from artery and flow again permitted : 
no further rise. 

10.40. Inject 1 mgm. (4 ¢.c. of 1: 4000) into portal vein in 7 minutes. Blood-pressure 
rose slowly from 52 to 90, and dropped again to 60 at end of injection. Any sudden 
jerk of syringe piston was answered by a quick rise of blood-pressure up 15 mm. or 80, 
and by a flicker of the nictitating. But the average rate was that at which adrenalin 
did not reach the systemic circulation. 


Liver and leg were, then, both able to check the onward passage of adrenalin when fed 
into their blood vessels at an average rate of ‘1 mgm. in 40’. The liver could deal with 
1 mgm. in 7 minutes. An aggregate for the leg was not measured, but the rate of 
disappearance in it was slightly less than in the liver. 
ie Escape of adrenalin was indicated by ite effect on the systemic blood vessels, that is 
after it had passed through the pulmonary circulation. But in this, and still more in other 
experiments not directly aimed at the solution of the question, it was evident that almost 
infinitesimal quantities injected into the external jugular vein could reach the systemic 
circulation without suffering loss in the lungs. 


That so minute a quantity as (02 mgm. should pass through the 


great aérated expanse of the lung vessels and survive to influence all 
the systemic vessels and much of the tissues fed by them, whereas 
much larger amounts passing down a single systemic branch vessel, 
such as the femoral artery, should utterly fail to touch the general 
system, proves the inability of the lung vessels to destroy adrenalin. 
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The experiments are not sufficiently defined to permit a closer 


analysis of what occurs in each tissue. But the sum of the evidence 


given justifies a general statement that adrenalin disappears in 
the tissues which it excites. 

The liver has a considerable ability of consumption—though not 
great in respect of the huge mass of glandular tissue through which 
the blood must stream. Whether such as it has should be attributed 
to the general oxidative power of the liver, or be associated with 


special stimulation of the hepatic cells by adrenalin, is doubtful. Of 


vaso-constriction in the liver there is but little. Adrenalin is not 


rapidly destroyed when triturated with fresh liver. Disappearance is 


indeed simulated by the extraction from the liver of depressor substances, 
which mask the action of adrenalin on the blood vessels. To avoid 
this error it is necessary also to watch the movement of the eye 
structures. *. 

Prolongation of response. There are two abnormal conditions 
under which the response of a tissue to adrenalin is prolonged. These 
merit examination, insomuch as they might serve to explain the normal 
manner in which the substance disappears. They are — when 
the tissue is (1) cooled, (2) decentralised or denervated. 

(1) Langlois’ first observed this prolongation. He stated that three 
minutes after injection of suprarenal extract into a mammal the blood- 
pressure returned to its previous level, whereas the rise was prolonged 
for 20’ or 30’ by cooling the animal from 38° to 35°C. Lewandowsky’s 
time curves? of dilation of the cat’s pupil illustrate the same fact. 

The question arises whether the change is due to delayed dis- 
appearance of adrenalin, or to such alteration of the muscle fibre that 
at the lower temperature its contraction in response to any stimulus 
is prolonged. The latter alternative undoubtedly contributes to the 
result, 

In general, cooling increases the tone of plain muscle’. ‘There are 
few experiments dealing with change in muscular response to nervous 
stimulation under different conditions of temperature. Stewart* 
studied the contraction of the cat’s bladder when directly excited by 
single induction shocks at different temperatures. Probably such 
electrical excitation is incapable of affecting the contractile fibre itself, 


1 Arch. de Physiol. norm. et path. 1898, p. 124. 

2 Arch. Anat. u. Physiol. 1899, p. 360. 

3 Cp. Griitzner’s article in Ergebnisse Physiol. 111. 2, eee 1904. 
+ American Journ. p. 185. 1901. 
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and acts at some point even nearer the nerve cell than the rayoneural 


junction. In any case the results are ‘applicable to this discussion. | 


Cooling from 40° to 30°C. roughly doubled the latent period: are 
02” to ‘04’, and the time of relaxation from 10” to 20”. 

In my experiments local and general cooling were both tried. Se 
the first crushed ice in’a flannel bag was applied for five minutes to the 
eye of an anesthetised cat. Excitation of the cut cervical sympathetic 
then caused contraction of the dilatator pupille and nictitating 
membrane that was almost as rapid as before cooling, but the relaxation 
was delayed. Before, both structures commenced to move obviously 
5” after the end of excitation, and the nictitating membrane had fully 
returned in 30”. Cooling retarded the recovery so that movement 
back was imperceptible, and the oo membrane required 75” for 
return. 

I produced general fall of sochinieainien by lasing etherised cats 
- under running water at 12°C. In three-quarters of ‘an hour the 
temperature (taken under the liver) sinks to 31°C. The pulse is not 
slowed, and the blood-pressure is normal at about 180 mm. The 
tone of all the blood veséels is then good, but independent of thie 
C.N.S.; for the vaso-constrictor nerves are nearly paralysed, and the 
blood-pressure does not drop when the splanchnics are cut. Stimulation 
of the splanchnics may cause a rise of 10 mm. with long latent period and 
no contracture. The absence of contracture, in contrast with what was 


found in the eye, may be explained by the supposition that at 31°C. 


_ only a very feeble nervous impulse is able to reach the blood vessels, 
because nerves as well as muscle are altered by the general cooling. 
At lower temperatures, 26°C. for instance, the skeletal nerves remain 
efficient’, but the splanchnics are quite paralysed. The cardiac in- 
hibitors of the vagus retain their power. Injection of nicotine causes 
no response until 40” or so have elapsed: then the skeletal muscles are 
stimulated, the heart is inhibited, but’ the sympathetic vaso-constrictors 
are almost unaffected. This differential paralysis by cooling is sek 
similar to that following excision of the suprarenal glands’. : 


The net outcome of all is that cooling a muscle increases the time 


occupied by its contraction, when that has been provoked by nervous or 


* Horvath (Centralblatt f. d. med. Wissensch. 1871, p. 531) observed that at 20° the 


motor nerves to skeletal muscle are paralysed, and suggested (Pfliiger’s Archiv, xu. p. 281, 


1876) the possibility that by cooling a differentiation might be sends betenen the various 
of nerves. 


Elliott. This Journal, xxxt. 1904. Proc. Physiol Soc. xx. 
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electrical stimulation, twice ot threefold. But the ¢ontraction by a 
definite quantity of the chemical substance adrenalin is prolonged 
beyond that increase. So that the change must be partly due to slower 
disappearance of adrenalin at the lower temperature. I have not 
confirmed this by estimation of adrenalin residual in the blood: _ 
(2) Proof that plain muscle reacts to adrenalin with greater 
irritability and persistence when separated from its nervVe cells of the 
CNS. or of the peripheral: ganglia, has. been fully given in section 2. 
Here it is vital to decide between the two alternatives already discussed 
in regard of the longer reaction of cooled muscle. Excitation of — 
postganglionic nerves does evoke a mire lasting contraction! from 
* decentralised than from normal muscle (cp. Exp. 5). It might. be 
4 = expected that just as it is with adrenalin, so would it be with electrical 
E excitation ; that the change would proceed in the same direction but 
further, and that the, muscle when parted from its peripheral nerve cell 
would enter into still more lasting contraction. But here investigation 
fails. ‘Denervated plain thuscle i is comparativel y irresponsive to faradisa- 
tion. It will still react to. various chemical stimulants, for instance 
pilocarpine* and adrenalin. And the chemical stimulants find the 
2 muscle more irritable. Analogy with the result of decentralisation 
a suggests that the contracture is due to a change in the muscle itself, 
& and not to loss by denervation of the ability to remove the stimulant 
be adrenalin. Could the latter alternative be proved, were it estab- 
lished that disappearance of adrenalin depends on the integrity of 
the union betweén nerve and muscle, a step would be made toward 
a theory of the function of adrenalin. But the first explanation of the 
contracture accords more nearly with present opinion regarding inner- 
vated tissues. A contractile tissue, when freed from all nervous control, 
does not develope changeful, independent activity. It lives: but it has 
no initiative, and stays sluggishly at any level of tension until displaced 
therefrom by violent mechanical or chemical stimulus*. In such muscle, 
say of the denervated dilator pupille, adrenalin causes contraction. 
The stimulus may cease, but the muscle remains in high tone. 
_ Manner of disappearance of adrenalin, The data are insufficient for 
a clear statement of the manner in which adrenalin is removed and 
ceases to stimulate plain muscle. The opinions which at various times 
have been upheld, fall under three ‘headings. “By these of 
stimulation has been ascribed to: == | 


1 Anderson. This Journal, xxxn. 1905. Pree. Physiol. Soc.; May 20. 
* Cp. the expts. of Uexkull! on Sipunculus nudus. Stach, f. 1903. 
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(a) Physical disappearance by simple diffusion. Adrenalin diffuses 
with great velocity across the capillary walls and through the tissues. 
It has been argued that rapid diffusion soon reduces the concentration 
of adrenalin in the neighbourhood of any myoneural junction below the 
threshold value for exeitation. This explanation could not be applied 
to the cat’s bladder or to the heart, wherein all the muscular tissue 
external to the vessels is affected, and the response is too brief to be 
comprehénded in the time that would be required for the passage of 
adrenalin along the concentration gradient out frbm and: back to the 
blood. : Moreover it is improbable that cooling the tissues by 8° or 9° C. 
would'so much lower the velocity of diffusion as to account for the 
resulting prolongation of adrenalin effect. | 

(b) Chemical, by destructive conversion into some inactive a 
stance. Adrenalin seems to be a secondary alcohol’ of the formula | 


C,H{OH),. CH(OH). CH,. NH. CH,, 


and is easily oxidised in alkaline solution to physiologically inert bodies 

_ Even a ketone of the first degree of kinship is far below the aleohol in 
respect of all excitant ability. The fluids of the body cannot effect such 
oxidation.. But it is quite credible that the living cells. may do so. 
Prolongation by cooling would then find a natural e ion in 
depression of biochemical activity and with it of such. oxidation. 
There is no evidence to determine whether the change is effected at — 
the myoneural junction or by the other bioplasm of the tisape. The 
inability.of the lungs to destroy adrenalin is suggestive. | 

(c) Physiological. This alternative cannot justly be separated from 

the second. But it may be used to embrace the various views as to the 
disappearance of adrenalin that depend upon the theory held by each 
writer with regard to its functional importance in the body. Adrenalin 
occurs in the sympathetic paraganglia’ as well as in the medulla of the 

- mammalian suprarenal, And there is good reason to believe that it is 
excreted from these cells into the blood stream. Langlois regards it 


'? Bee Pauly (Ber. d. Chem. Ges. xxxvu, p. 1888); Jowett (Journal Chem, Soc. 1904, 
p. 192); Friedmann (Hofmeister’s Beitr. chem. Phys. u. Path. vi. p. 92, 1904); Bertrand 
(Annales de U'Institut Pasteur, xvi. p. oe 1904); and Dakin (This Journal, xxx. 1905; 
Proc, Physiol. Soc. Feb, 25). 

The action of a aynthesined by Dakin does not seem to. last 
longer than that of the animal product. As noted elsewhere (p. 462), previous injection of 
synthetic adrenalone in large quantities does wet alter the character of ee 
to animal adrenalin. 

- Biedl and Wiesel. . tie: 1902. 
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as an antibody 'to the toxic metabolites of skeletal muscle, and thinks 
that it disappears in’ chemical combination with them. ‘Or there is 
Battelli’s opinion that it is a poison in itself and to’ be destroyed 
by any tissue, but especially by: the: liver; Schafer’s, ‘that:.-it is 
stored in the skeletal muscles, and thence. issued: at need’ to maintain 
the tone of the blood vessels; or the conjecture that it is concerned in 
the transference of a sympathetic nervous ‘impulse, and stored. to much 
an end'in the neighbourhood of the myoneural junction. 
evidence not conclusively disprove any of 


4, EFFECT OF ‘ADRENALIN ON THE RESPONSE OF THE MUSCLES: : 
TO ELECTRICAL EXCITATION OF THE VISCERAL NERVES. 


Soak changes as ‘appear in the reaction of. plain muscle, when the 
nerves supplying it are excited after the injection of adrenalin, agree 
simply with the view of the stimulating action of adrenalin mates in 
the preceding pages. 

Cramal and sacral visceral: nerves. During the two minutes suc- 
ceeding the injection of a moderate amount (‘3 mgm. or more)’ of 
adrenalin into a cat’s circulation I find that stimulation of both pelvic 
visceral nerves (nervi erigentes) may fail to cause contraction of the 
bladder. Then, as the effect of adrenalin wanes, that of the repeated 
pelvic excitation gradually waxes until it regains full value. This 
paralysis of the sacral nerves is determined by the related intensities 
of the two stimuli. Given a smaller dose of adrenalin, or an electrical 
excitation of higher voltage, and the bladder may be made to contract 
even the moment after the adrenalin has reached it. It is a point 
worth notice that during inhibition by adrenalin the motor nerves 
to the bladder can more easily evoke the tensile change of an isometric 
contraction without shortening than the isotonic movement of a real 
contraction. 

Gourfein' observed a similar inability of the vagus to arrest the 
heart-beat during the rise of blood-pressure caused by adrenalin. The 
change isin most instances seen rather as a diminution than a complete 
loss of vagal inhibition. And Oliver and Schafer® showed that _ 
reflex by the depressor nerve is at the same time in abeyance. ae 

These phenomena might be ascribed toa paralysis of the 


Comptes rendus Acad. des p. 1895 and Langley, This Journal, 
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or sacral visceral nerve endings like that induced by atropine in the — 
third cranial nerve to the sphincter iridis or in the vagus fibres to 
the heart, and not to an action upon the contractile muscle fibre. But 
the corresponding nerves to the bladder in the dog or rabbit, which 
must be broadly of the same biochemical nature as those of the cat, are 
not a whit deprived of their efficacy in the presence of adrenalin. 
Therefore the difference must depend on the sympathetic . inhibitor 
nerves which the bladder of the cat alone possesses. And the natural 
explanation must be accepted, namely that adrenalin stimulates the | 
muscle through the myoneural junction to its appropriate change of 
tension and for a time is in ascendency over the electrically excited 
nervous impulse which seeks to promote the antagonistic movement. 
Paralysis of the cranial or sacral nerves is consequently seen only in 
— those tissues which possess double visceral innervation, and it occurs 
; only when the balance between the nervous impulse and the opposed 
chemical stimulation by adrenalin weighs in favour of the latter. 
Normally, therefore, the paralysis is brief because the adrenalin dis- 
appears rapidly. But in tissues that have been cooled and saturated 
with adrenalin, it is prolonged. 

Sympathetic or Thoracico-lumbar visceral nerves. A second point of 
interest is that dealing with the affection of the identical sympathetic 
nerves whose myoneural junctions are excited by adrenalin’. The 
control. of the tissues. by these nerves may be examined, (i) during 
stimulation by adrenalin, (ii) subsequently to that action. It is un- 
necessary to detail the various experiments made on this question. 
Their outcome was that the tissues behave precisely as they would were 
the excitation by adrenalin replaced by an equally effective stimulation 
of the sympathetic nerves for an equal time. Thus excitation of the — 
splanchnic nerves does not add a rise to the blood-pressure curve when 
that is raised by a maximal dose of adrenalin; but after the pressure 
has returned to its previous we the splanchnics can again produce 

their usual effect. 

Proof that the action of the sympathetic nerves is patie lessened 
nor facilitated by previous stimulation with adrenalin cannot be satis- 
factorily obtained from a study of the blood-pressure, inasmuch as the 
great mechanical stress of the circulatory system causes partial distortion 
and thereby alters the indication by blood-pressure rise of vaso- 
constriction in any area under consideration. It is clearly given by 


1 Op. Marshall's analysis (This Journal, xxx1. p. 127, 1904) of the reciprocal influence: 
of pilocarpine and vagus excitation on the heart muscle. _ 
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the nictitating membrane, whose movements are not like those of the 
iris confused by the varying action of an antagonistic muscle. 


Exp. 9. Cat anwsthetised with ether: vagi cut. 


4.5. The postganglionic fibres of the superior cervical ganglion were dissected out, and 
the preganglionic fibres cut, The electrodes were placed one on each side of the 
postganglionic nerve bundle so as to ensure good excitation. 

Eyelids and nictitating membrane gave minimal response with the secondary coil 
at 24°5 om., 1 Daniell cell 


mm. Hg 
4.24. ‘6 mgm, pure adrenalin into ext. jug. vein. Blood-pressure rose 150 to 232 


4.26.15. °5 "9 ” ” ” ” ” 145 to 240 
4.80.15 5 ” ' ” itp ” ” ” 150 to 238 
4.36.16 5 ” ” ” ” ” ” 148 to 220 
4.43, 5 ” ” ” ” ” ” 138 to 200 
4.47.15 5 ” ” ” ” ” ” 160 to 190 


The successive curves of blood-pressure rise showed exactly the same relation to one 
another that appears in curves of striped muscle fatigued by successive stimuli, being 
gradually flattened and prolonged. 

5.5. Minimal stimulus for eyelids and nittating membrane aguin found to be withthe 
secondary coil at 24-5 cm. : 


In this instance the minimal stachive stimulus for the. post- 
ganglionic fibres to the nictitating membrane was not altered in the 
least by the action of 3mgm. adrenalin. A hydrochloric acid solution 
of the pure base was used, because the commercial solution does 
slightly depress the excitability of the nerves by the ‘5 °/, chiseotone 3 
which it contains. 

Fatigue by adrenalin varies in the different tissues (cp. p. 443). 
The iris after repeated excitation by the drug reacts less sensitively, 
and the growing delay after injection proves that a higher concen- 
tration at the myoneural junction is needed. But there is no 
correspondent dullness of response to stimulation of the cervical 
sympathetic. On the other hand the blood vessels are not soon 
fatigued by adrenalin, and when so they at the same time show a less 
readiness to react to the splanchnic nerves. Fatigue by prolonged 
stimulation of the splanchnics is conversely accompanied by a less 
reaction to adrenalin. 

In sum the response of any organ to stimulation of its 
visceral nerves is altered by the present or previous action 
of adrenalin exactly to such a degree as it would be by an 
equally intense excitation of the sympathetic nerves. 
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. 5, TOXIC, 


All the results of the intravascular injection or betel application of . 
adrenalin that have been discussed in the previous pages are of a 
character that might legitimately be regarded as physiological, for they 

- are identical with changes normally produced in the body, and their 
‘manifestation is not associated with any injury of the tissues’ normal 
activities. This second group comprises effects that appear later, 
demand larger doses for development, and consist in pathological 
alterations of the body's functions. In lack of a fuller analysis these 
may be ascribed provisionally to a toxicity of adrenalin. | 

Death, and that speedily, comes after the injection of large doses 
of adrenalin, whether these be made beneath the skin or into the blood 
stream. Large amounts are needed to kill by subcutaneous injection. 
Smaller quantities, falling below what is lethal, provoke glycosuria and 
inflammatory changes in the liver and kidneys. This first effect was 
demonstrated early’, and originated a difficulty; for removal of the 
suprarenal glands caused death, and yet the animal was killed equally 
by the injection of an extract of the glands. Battelli* determined 
the lethal dose for intravenous injection into rabbits and guinea-pigs to 
be rather less than ‘2 mgm. per kilo. body weight. Lesage* confirmed 
this and added a series of careful experiments on the cat and dog. For 
the dog also ‘2 mgm. per kilo. (that is a total dose of 4°5 to 5 mgm.*) 
was fatal; but the cat possesses greater resistance, insomuch that it 
succumbed only when the injection comprised ‘5 to ‘8 mgm. per kilo.’ 
Anmsthetics did not alter the toxicity, but varied the train of effects. 

| Thus 3 mgm. caused death in 7 hours if given under anesthetics, in 

22 minutes in their absence. The successive symptoms after intra- 

venous injection are bodily weakness and prostration; invariably 
vomiting, and usually defecation with micturition ; fall of temperature, 


1 Pellacani, Arch, per le Scienze med. m1. No. 24, 
Arch, Ital. de Biol. rv, p. 56. 1883. 

2 Comptes rendus Soc. de Biol. 1902, p. 1247, 

% Arch. Internat. de Pharmacodynamie et Thérapie, xu. p. 245. 1904. 

4 A paper by Amberg (Arch. Internat, de Pharmacodynamie et Thérapie, x1. p. 57, — 
1908) shows that death also results from enormous doses, 170 mgm. into the veins or 
500 mgm. beneath the skin. In this will be found references to all the American papers. 

® These poisonous doses, 2°5 mgm, intravenously and more than 25 mgm. subcu- 
taneously, greatly exceed the amount of adrenalin normally present in the suprarenal 
glands and paraganglia of a cat. The amount that can be extracted by saline solution 
varies with the activity of the cat, but never exceeds 1 mgm. 
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and at last death by asphyxia’. Bloody foam issues from the cat’s 
nostrils, and the respiration fails earlier than the heart. In the dog 
the heart fails first, and fails soon: but in the guinea-pig and rabbit 
the lungs become edematous and respiration again is the first to stop. 

After large doses hemorrhages occur all over the body. Daily 
repetition of small amounts causes atheroma of ne aorta and coronary 
arteries’, 

The guinea-pig, despite the extreme fragility of its blood vessels, 
has in proportion to its size great resistance, so that comparatively 
large doses beneath the skin are needed to cause in it glycosuria’ or 
death‘. The guinea-pig’s suprarenal has a normal medulla, but a 
cortex that in development far exceeds that of all other animals. 

Hemorrhages develope in the cortex of the suprarenals sooner than 
elsewhere. I have noticed in each of four cats which, after removal of 


' the suprarenals, received small amounts of adrenalin (‘5 mgm.) either 
by the stomach or subcutaneously, extensive hemorrhage in every 


lobule of the thymus, so that the organ was more than doubled in bulk. 
Hemorrhage did not occur in any other tissue, and no hemorrhage is 


produced in the intact animal by so small a quantity. 


Such are the main facts. ‘Their explanation requires the considera- 
tion of three factors. 

1. The strain thrown upon the circulatory system by the great 
rise of blood-pressure. 

2. A poisoning of tissues by quantities of adrenalin exceeding that 
sufficient for ordinary physiological stimulation. 

8. The poisonous action of possible tiponmaposision products of | 
adrenalin within the body. 

- Mechanical strain is doubtless the cause of the atheromatous lesions 
which develope after repeated intravenous injections. These occur in 
the coronary arteries which are not contracted by adrenalin, and must 
therefore be widely distended in the general rise of blood-pressure. But 


1 So Lesage, agreeing with Battelli, Amberg, Swale Vincent (This Journal, xxu. 

p. 111, 1897); Hultgren and Andersson (Studien zur Physiol. und Anat. der Nebennieren, 
1899); Drummond (This Journal, xxx1. p. 81, 1904) ; Ssaweljew (Wratschebnaja Gazetta, 
19, 1904. Quoted from Biochemisches Centralblatt, 1904, p. 124); Gluzinski (Wien. klin, 
Wochenschr. 14, 1895), and Gourfein (Comptes rendus de l’Acad, des Sciences, oxxi. p. 
811, 1896). 

2 +2 mgm. into a rabbit’s vein, Loeper, Comptes rendus Soc. de Biol. 1908, p. 1456. 
Also Albaréde and Baylac, Comptes rendus Soc. de Biol. 1904, p. 640. But atheroma 
is not caused in the young rabbit, Pic and Bonnamour, ibid. 1905, p. 219. 

* Noél Paton. This Journal, xx1x. p. 800. 1903. 

Oliver and Schafer. This Journal, xvi. p. 236. 1895, 
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it does not altogether suffice to explain early death. . As great a rise of 
blood-pressure with equal engorgement of the heart and lung vessels 
can be produced by other agents than adrenalin, such as nicotine or 
asphyxia: and it is then not fatal. And indeed the amount of adrenalin 
needed to kill animals provides an argument in the same direction. 
For the sublethal quantity, 1°5 mgm. in the cat, raises the blood- 
_ pressure by as rapid a climax to the same point as does the lethal dose, 
and the drop to normal on is not many minutes earlier than with — 
the latter. 

~ It may of course be that the time, during which the strain is allowed 
to act, is the decisive factor which determines mortal damage of the 
circulatory system, and so refuses the recovery from an intravenous 
injection of 3 mgm. which it grants from one of 155 mgm. But a 
direct poisoning by adrenalin, an act that might be expected in a 
substance of its chemical structure, is suggested by the fatal issue 
of subcutaneous injection. Yet by this the blood-pressure is not raised 
~more than 20 mm. in the anzsthetised animal?. 

Little rise is due to slow absorption. In the area around the point 
of injection the blood vessels are constricted; the adrenalin drains down 
the lymph vessels (cp. p. 427), but cannot from them pass again to the blood 
stream across the tissue spaces, as its arrival at the wall of each small 
vessel is attended by arrest of blood flow. It is perhaps only in cases 
_where lymph is actually flowing from the area concerned to the thoracic 
duct and so to the great veins, that adrenalin can enter the circulation 
with such rapidity as to attain the concentration needed to excite vaso- 
constriction. Generally influx is slow, the adrenalin disappears as quickly 
as it enters, its action is non-cumulative, and the normal plain muscle 
shows no rapid response. Denervated plain muscle is more irrit- 
able and does react, so indicating the slow absorption of adrenalin 
either from the stomach* or from suboutaneous injection. But though 
the adrenalin oozes into the circulation too slowly to excite contraction 
of plain muscle, it or its degradation products passing through the 


1 Boruttau (Pfliiger’s Archiv, uxxvim. p. 112, 1899) observed that subcutaneous 
injection of suprarenal extract into the cat does not affect its blood-pressure. This has 
been confirmed by Battelli, Lesage, and very many recent workers. But the intra- 
muscular injection of adrenalin, as of many other drugs, has been shown by 8. J. Meltzer 
and J. Auer (Centralblatt f. Physiol. xvi, p. 689, 1905) to result in speedier absorption, 
and therefore greater rise of blood-pressure, than that by subcutaneous injection. The 
facts illustrate the fallacy in the usual argument against subcutaneous administration of 
adrenalin for hemoptysis. 

* Meltzer. American Journ. x1. p. 39. 1904. 
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tissues leave theiz. traces in inflammatory changes of the kidney and 


liver. If the amount introduced is large, prostration and death soon 
result and without the phenomena of stimulation. 

The mortal dose, when given beneath the skin, is much higher than 
for intravascular injection. Battelli' states the need of 40 times the 
amount for the rabbit. I have made three experiments on the rabbit 
and one on the cat. The former (animals of 2000 gm.) were’ killed in 
an hour and a half by 20 mgm.? of pure adrenalin (without chloretone) 
injected beneath the loose skin of the groin. Symptoms did not develope — 
until half-an-hour had passed. Then prostration ensued; the ears 
became cold, the blood-pressure dropped, and the respiration was 
shallower. Soon coma followed. This was not the result of high 
intra-cranial pressure, for trephining gave no relief.. The brain was 
now inexcitable, the blood-pressure low, and the entire o.N.s. nearly 
paralysed. Respiration ceased before the heart. The lungs were cedema- 
tous; in the pericardial sac was a little effused fluid. Death was in 
every case the result of asphyxia by edema of the lungs, and of 
paralysis of the o.N.s. The efferent nerves resisted the paralysing action 


of the poison a little longer than the central system. But there was 


no time any sign of stimulation by adrenalin: the blood-pressure did 
not rise, and the nictitating membrane lobbed forward over the eye 
more and more as death approached. 

The cat exhibited no inconvenience nor sign of sympathetic stimula- 
tion after 20 mgm. Next day it refused food. The urine contained 
blood as well as sugar. When killed its liver and kidneys were found 
to be inflamed, but all the tissues were free from hemorrhage. 

A poisonous action of adrenalin on bioplasm is suggested by its. 
chemical constitution, which displays the —NH.CH, grouping that 
resists chemical alteration in the body with great stubbornness. Oxida- 
tion of adrenalin to bodies that are physiologically less active may not 
destroy this grouping; and an oxidation® is generally supposed to be 
the explanation of the undoubted disappearance of active adrenalin 


de Biol. 1902, p. 1247. 
. * In Noél Paton’s experiments (This Journal; xxxn. p. 62, 1904) geese endured the 
subcutaneous injection of 12 mgm. adrenalin. He stated (This Journal, xxx. p. 291, 
1903) that 1 mgm. per 400 gm. body wt. subcutaneously is rapidly fatal to rabbits. 
Oliver and Schafer also observed that rabbits are much more easily killed by sub- 
cutaneous injections than either cat, dog, or guinea-pig. 

> Adrenalin is a tertiary nitrogen compound, its properties agreeing with the general 
rule that such compounds are stimulant. . ee 
compounds with a curariform paralysing action. —_ 


> 
: x 
by 
RY 
4 
¥ 
vu 
q 
i 
"4 
a 
q 
Ay 
Wa 


462 Ry BLEIOTT. 


from ther body: ‘I have tested alternative (3) in of 


ments,'and found no good evidence in its favour. ., . 

In the first I examined the ketone, C,H, (OH),: Co. CH,. NH. CH,, 
adrenalone'; which is nearest of kin to the secondary alcohol, adrenalin 
itself. The: base was dissolved in hydrochloric acid and prepared for 
injection: in the same manner as adrenalin. ‘Small doses (‘1 to ‘6 mgm. 
ir the anesthetised cat) caused fall of blood-pressure by 20 to 40 mm. 
together with slight acceleration of the heart. For ‘example, with 


‘72 mgm. the ‘blood-pressure fell from 140 'to 120, though the heart 


was accelerated and the nictitating and eyelids moved a little’ The 
fall. was independent of the ‘acidity or,alkalinity' of the solution. It 
may’ have: been merely the expression of a slight inhibition of the 
intestinal muscle. Larger doses (1 to 5 mgm.),raised the blood-pressure 
and excited the plain muscles that are also excited by adrenalin (nicti- 
tating membrane, iris‘etc.), but feebly, The reaction to the larger doses 
was fairly persistent. “But the preceding injection of,even 12 mgm. 
adrenalone did not lessen the reaction of any tissue toadrenalin. There- 
fore the former is not related to the latter in respect: of the bioplasm 
which each excites as are the toxins and toxoids investigated by 
Ehrlich. Subcutaneous injection of 8 mgm. adrenalone into.a young 
rabbit of 1050 'gm. caused neither bodily prostration nor even momen- 
tary loss of appetite. Sugar, but not albumen, appeared in the rabbit's 
urine.’ Two mgm. adrenalone do not, whereas 4 mgm. just suffice to 
bring out a little sugar: Ina similar rabbit 1 mgm. adrenalin caused 
intense, though transient, glycosuria. When injected directly into the 
ear vein of an adult rabbit, 8 mgm. of adrenalone caused no ill symptoms. 
Therefore the toxic as. well as the excitant: of are 
below those of adrenalin. 

In the second place were’ tried the Paste obtained by the oxi- 
dation of adrenalin outside the body. When fully oxidised, so that 
a brown sediment has formed, the solution is neither excitant:nor toxic’. 
By bubbling oxygen through adrenalin solution (Parke Davis’ ‘1 °/, 
- HCI solution, diluted to 1: 2000 and exactly neutralised with Na,CO,) 
I obtained a brown liquid which contained ‘no adrenalin but was fairly 
potent to cause vaso-constriction.. In this respect it had one-twentieth 
of the power of adrenalin. But even 4 c.c. of the solution, which corre- 
sponded to an original content of 2 mgm. adrenalin and in respect, of 


Bors ofthis am indeed othe Kindness of Mr, 
of the Welloome Research 


Comptes rendus Soc. de Biol. 1903, p. 1486,.- 
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ability to raisé blood-pressure to ‘1 tigin. of adrenalin; caused no move- 
ments 6f iris of nictitating membrane, In the same tést cat 03 mgm: 
adrenalin ‘gave maximal rise of blood-pressure and typical eye movements. 
Four.c.c. of the oxidised solution were then injected beneath the sine of 
a rabbit, and caused néither glycosuria nor prostration. — 

‘The evidence is not conclusive, but it suggests that alternative (2) 
states the main act, and that excess of ‘adrenalin itself 'is toxic. ‘The 
manner of this poisoning requires for its explanation a more detailed 
knowledge of the action of small amounts of the drug’ on the various 
tissues ‘apart from the stimulation of the sympathetic myoneural junc- 
tions that has been analysed in the first part of this paper. A nseeephe 
of the work published on this question may be:-permitted. 

 Glycosuria was first described by Blum'.. Noél Paton? has stadied 
its origin. He found that it. is associated with excess of sugar in the blood, 
the excess being due apparently to a diminished utilisation of sugar’ in 
the tissues, and occurring in the bird; as had been previously shown for 
the .dog by Lépine*, after extirpation of the pancreas. Proteid 
metabolism is asin ordinary diabetes: the liver glycogen is not of 
necessity altered‘. The glycolytic _— of the blood is lost"; ead its 


lipase and amylase* disappear. 


The glycosuria i is produced, by quite small doses of sinks ceases 
soon’, and is not attended. by lesions of any organ; but it cannot be 
repeated frequently, as is possible with the instances of true glandular 
excitation named on. page 427. ‘I find that adrenalone is roughly one- 
tenth as effective as adrenalin in causing glycosuria in the rabbit. __ 

Tissue inflammation and necrosis. Foa* showed that localised in- 
jection of suprarenal extract caused local necrosis, for example in the 
liver’; and that intravenous injection resulted in necrobiotic infarcts of 
the kidney. Warming to 60° destroyed the substance which caused 
coagulation ‘and tissue necrosis, but left the pressor substance intact. 


Thence he concluded that necrosis is attributable to some other substance 


* This Journal, xxrx. p. 286, ; and p. 59. 1905. 

> La semaine médicale, 1908, p. 58. 

* This Journal, xxx1. p. 97. 1904. 

5 Lépineand Boulud. C.R. de Acad, des Sctancts, Jon. 12, 1908. | 

6 Loeperand Crouzon. Comptes rendus Soc. de Biol. 1908, p. 1876. 

Fortschritt @. Med. xxm. p./1. 1906. 

Archivio per le Scienze mediche, xx1Vv. 92; and! Arch. de Biot. xxxv. 250. 
1901. 
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than the adrenalin of the medullary cells. But Noél Paton and 
Drummond’ observed that subcutaneous injection of adrenalin was 
followed frequently by inflammatory changes in the kidney and liver. 

- Tuckett and I find that the suprarenal gland of the guinea-pig 
contains a substance which corrodes the guinea-pig’s tissues with intense 
rapidity. But the substance is not adrenalin, for it is associated with 
the cortical rather than with the medullary cells, and the necrosis is a 
specific reaction of guinea-pig to guinea-pig’ s gland, failing with any 
other combination of animals. 

‘Striped skeletal muscle. Here every opinion possible is upheld. To 
Oliver and Schafer’s* statement that the contraction caused by 
stimulation of the motor nerves of the frog’s gastrocnemius, and of a 
muscle in the dog’s forearm, is prolonged in a manner resembling the 
change produced by veratrine, Boruttau® replied that the change is 
indistinguishable from the alteration caused by fatigue. Langlois on 
the other hand speaks of a curariform paralysis of the motor nerve 
endings. And Dessy and Grandis* believe that a fatigued muscle 
nerve preparation (of the gastrocnemius of Leptodactylus ocellatus, 
South America) is renewed to further activity. | 

All these workers, however, used the complex extract of the entire 
suprarenal glands, and not adrenalin. Ioteyko® urges that adrenalin 
acts upon the sarcoplasm of the toad’s gastrocnemius so as to make the 
muscle more irritable by nervous stimuli. Such change as may be 
_ produced in muscle is so slight that it can be appreciated only in a 
special experiment. Neither paralysis nor stimulation are obvious. 

' Nerves. The efferent visceral nerves have been discussed already. 
Neither they nor the efferent nerves to skeletal muscle show alteration. 
Boruttau‘ found that the direct application of adrenalin to the frog’s 
nerves did not change its diphasic current of action. The central 
nervous system is very slightly excited and then progressively — 
by ‘adrenalin. 

_ Many writers have ealled attention to the change in eiuitatory 
rhythm, which either becomes shallower or is suspended for a time. 


1 This Journal, xxx1. pp. 81 and 92. 1904. 
2 This Journal, xvi. p. 263. 1895. 
3 Pfliiger’s Archiv, uxxvin, p. 109. 1899. 
_ 4 Arch, Ital, Biol. x1. p. 225. 1904. 
5 Journ. Méd. de Bruzelles, vitt. p. 417. Quoted tom My Jahreserchte, 1904 
Pfiiiger’s Archiv, Lxxvin. p. 101. 1899. 
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The change is very uncertain. It is in part a secondary result of 
the extreme rise of blood-pressure. Quite similar changes are seen when 
the blood-pressure is raised to an abnormal height by removal of the | 
liver and bowels. 

The dog's heart. Despite previous section of the vagi I have lost 
dogs under anesthetics by the sudden injection of adtenalin. Death 
is by heart failure, although adrenalin accelerates and augments the 
beat of the excised heart. In no animals except dogs have I met with 
this unexpected’end to an experiment. Oliver and Schafer noticed 
a similar occurrence once (loc. cit. p. 262); but other workers have 
apparently not encountered it as a difficulty. | 

The animal from which the carotid blood-pressure tracing of Fig. 12 
was inscribed, was a big Irish terrier. A quick dissection of one ureter 
involved little loss of blood, and then *12 mgm. adrenalin in 1 c.c. of 
saline solution was injected in 30” into the external jugular. After 15 
or 20 beats the heart was checked, though the blood-pressure had risen 
only from 104 to 186 mm. Hg. A few slow beats raised the pressure 
in the face of the systemic vaso-constriction to 156 mm.; then the 


heart ceased for ever. The thorax was opened and rhythmic com- 


_ Fig. 12. Dog’s heart acrasted by adrenalin. Ether. Vagi cut. Carotid blood-pressure 
with zero at level of signal. Adrenalin, -12 mgm. in 1c.c. saline, injected into 
ext. jug.: heart ceased beating. ee 


external compression of the heart. | 
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pression:; of: the heart continued for 25 minutes. Throughout this 


time the animal breathed and all ‘its reflexes persisted. “Not a twitch 
could. be elicited from the’ heart muscle. 

In every instance of sudden death I have observed the presence of 
blood clots’ in the innominate vein and the right heart. True, only 
three of these were clean examples, in which the heart muscle had not 
been subjected ‘to bandlirig in the hope of a renewal of beat. Intra- 
vascular clotting seems, then, to be the cause of this occasional death in 
the dog. . The clotting does not occur in all the vessels, but just in the 
heart where the adrenalin first meets the blood. Therefore it is not 
secondary to an action on tissues outside the blood stream. Into a 
defibrinated dog, as in Exp. 2, two or three mgm. adrenalin may be 
and cause nO failure of the heart. 


| GENERAL Conctusions. 
. Apart from the general poisonous properties that are suggested by 
its ‘chemical structure, adrenalin has one peculiar power. Independent 
body cells, nerve cells and their processes, skeletal muscles, and visceral 
muscles in union only with sacral and cranial visceral nerves are 
influenced by it as they are by any featureless poison. Its single 
characteristic is the aptness ‘to stimulate plain muscle and gland cells 
that are or have been in functional union with sympathetic nerve — 
fibres. 

1, In all vertebrates the reaction of any plain muscle to adrenalin 
_ is of a similar character to that following excitation of the sympathetic 
(thoracico-lumbar) visceral nerves supplying that muscle. The change 
may be either to contraction or relaxation. In default of sympathetic 
innervation plain muscle is indifferent to adrenalin. 
_ 2. Extent of reaction varies directly with the frequency of normal 
physiological impulses to rapid change of tension received by the 
muscle in life through the sympathetic nerves. . 

_ 8. A positive reaction to adrenalin is a trustworthy proof of the 

existence and nature of sympathetic nerves in any organ. 

4. Plain muscle, when denervated, shows increase of the capacity 
for irritation by adrenalin than it had previously possessed. 

.5, Sympathetic nerve cells with their fibres,.and the contractile 


‘muscle fibres are not irritated by adrenalin. The. stimulation takes 
place at the junction of muscle and nerve, - 
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6. The irritable substance at the myoneural junction depends for 
continuance of life on the nucleoplasm of the muscle cell, not of the 
nerve cell, 7 

7. Such peculiar irritability marks the profound biochemical dis- 
tinction between all postganglionic nerves of the thoracico-lumbar 
visceral class, whether motor or inhibitor, on the one side, and all 
other efferent nerves with their respective junctions on the other. 


It is with pleasure that.I name my indebtedness for advice to Professor 
Langley, and Dr Gaskell; to Dr W. E. Dixon for frequent help with - 
experimental methods ; and especially to Dr H. K. Anderson on all points. 
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OBSERVATIONS ON THE ACTION OF TRYPSIN. By 
§. G. HEDIN. (Two Figures in Text.) 


(From the Lister Institute of Preventive Medicine.) 


THE quantitative methods, which hitherto have been adopted for 
studying the action of trypsin, are Mett’s method of measuring the 
_ progress of the digestion of coagulated proteids enclosed in capillary 
tubes’, Vernon’s method of determining the decrease of the volume 
_ of fibrin during digestion®, Henry’s method of estimating the increase 
of the electrical conductivity of the digesting fluid’, and Weiss’s | 
method involving determination of the increase of the nitrogenous 
substances not precipitable on boiling with acetic acid‘. : te 
In my experiments the digestion taken place has been m 

estimating the increase of the nitrogen not precipitable by tannic wal’ . 
If suffigient of the tannic acid solution is added and if the precipitated 
fluid is left to stand for at least 12 hours, then an addition of more — 
tannic acid causes no more precipitate to be formed. The amount of 
tannic acid necessary for complete precipitation is somewhat larger for 
the digested fluid than for the same fluid before the digestion, whict 
seems to be due to the presence of albumoses. The volume of tanni 
- acid solution added was always the same for all solutions which were 
be compared. The volume of the tannic acid filtrate used for nitrogen\ 
determination has in many cases been only 10—25 c.c.; in cases where, 
a greater accuracy was wanted such amounts of fluid were digested thas 
50, 100, 200, or even 400 c.c. of filtrate could be taken for N-determina- ¥ 
tion ; in these cases the fluid was evaporated down to 10—20 cc. and — 
then transferred into Kjeldahl flasks for combustion. 
The trypsin used in my experiments was prepared by digesting ox 
pancreas with water in the presence of chloroform and toluol for about 


1 Contribution a Vinnervation de la glande soustomacale, St Petersburg, 1889. 
2? This Journal, xxxv1. 404. 1901. 

> Compt. rend. Soc. Biol. 1908, pp. 787, 789. 

* Zeitechr, f. physiol. Chem. xu. p. 480. 1904. 

§ This Journal, xxx. p, 156, 1903. 
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two days at 37°, filtering and digesting the solution till it gave only a 
very weak biuret reaction, and a very slight precipitate with tannic acid. 
Nucleo-proteids present were removed with acetic acid and digestion 
products by dialysis. The resulting trypsin solution contained very — 
little nitrogenous substance, the total nitrogen in 20 ¢.c. in two cases 
corresponding to 1°75 resp. 2°45 cc. p; N. acid. The amount not 


ea precipitable by tannic acid corresponded to about 0°5 cc. for 20 cc. — 
& solution. The part of the nitrogen precipitable by tannic acid, having 
= ‘withstood prolonged action of trypsin, could without any appreciable 
» error be considered as not digestible, and therefore the whole increase 


of non-precipitable nitrogen was considered as derived from the proteid 
added. The non-precipitable nitrogen of the trypsin solution was 
determined either separately or together with the corresponding nitrogen 
in the proteid of the control, which was digested without trypsin, and in 
the reagents used, and then the whole amount was deducted from the 


amount obtained from the digested fluid. The trypsin obtained in this 
ba way did not contain any trypsinogen, an extract of the mucous membrane 
o of the intestine having no increasing effect upon its activity. 


The proteids used for digestion were casein in Na,CO, solution of 
varying strength, serum-albumin and white of egg, heated with a little 
Na,CO, and dialysed till the alkali was removed as far as possible and 
Witte’s peptone dialysed free from alkali. As antiseptic, toluol has been 
used in all my experiments, and all digestions were carried out at 37°. 


THE EFFECT OF THE CONCENTRATION OF TRYPSIN AND OF THE TIME 
UPON THE RATE OF DIGESTION. 


Several series of experiments have been carried out, in which 
everything except the amount of trypsin was the same at the beginning 
of the digestion, and others in which only the time of digestion was 
varied. The influence of the amount of trypsin, the time of digestion 
being constant, can be represented by a curve as shown in Fig. 1 (p. 480). 
For the effect of the time of digestion, the amount of enzyme being the 
same, I find a curve of the same appearance. The general shape of the — 
curve is the same as given by Bay liss for the influence of the time of 
digestion’. . Further particulars will be obtained from the following 
series of experiments, by which the influence of the concentration of 


a enzyme and of the time of digestion were tried at the same time. 
1 Arch, d. Se. Biol. xx. Suppl. p. 261. 1905. 
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xe, 1... The, strength of the casein solution was 2°5/; in, Each 


contained. 25 0,¢.-0a8. sol. +:20.6.6, Atryps.:+.H,0)* tannic acid sol., and 
40 ¢.¢. filtrate were taken for each determination. The controls, each containing 25. 


sol, +'20 H,O, were digested for 1 day and 4 days. 


control digested 1 day gave N corresp. 
140. 


of trypsin was found to correspond to 
Frm th amount eb om hop 


- Ap) 

{ : 


5 


20/4: 


were added. 


1:25 
1°45 


in haa, ht hn 


38°55 
of 


4 1-20 | ,; 

trypsin Nin ee. taken place 

6:80 0-95 85 

4 1/4 7°60 1-40 610 

4 2/2 ° 0-95 10°75 

2/4 12°15 1:40 10:75 

18°75 0-80 12°95 

14-20 0-95 13-25. 

14°55 1-20 18-35 

14-55 1-40 18:15 

4 ‘ 20-95 080 2015 

4 5/2 21°40 1-00 20°40 

4 5/8 21°5 1-20 2030 
5/4: 21°83 1:40 19°90 | 

15 25-86 0-85 24:50 

4 7°5/2 25°65 1-00 24°65 
25°60 1:25 24°35 

25°2 1:40 28°80 

10 978 0°85 26°95 

9 10/2 28'8 1:00 

81-9 0-90 81-0 

82°75 1-05 81°7 

15/8. 828 1:25 81-05 
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The inferences which can be drawn from the above table are: 


1, If the product of the amount of trypsin into the time of digestion 
is kept constant, then the effect is constant. In other words: in order 
to obtain the same effect with different amounts of trypsin the time of 
digestion must vary inversely with the trypsin. This time law holds 
good for all concentrations used in this experiment and at any rate up 
to 4 days. 


2. For very small amounts of trypsin the effect is seieesticoal to 
the time at the beginning of the digestion and then it drops. The effect 
of 0'5 c.c. of trypsin during the first days was as follows: 


1 2 3 4 days. 
2°9 5°85 8°65 10°75. 


The proportionality is valid for the 3 first days but not for the 4th. 


3. For small amounts of trypsin and at the beginning of the 
digestion the effect is proportional to the amount of trypsin and for 
larger amounts it drops. Thus the effect during the first day was 


05 ies 2 cc. of trypsin. 
5'8 10°35 


‘The proportionality holds good for 0°5 and 1 c.c. of trypsin but not 
for 2¢.c. This regularity was also found by Bayliss. _ 


The above rules are obvious particularly from the following series of 
experiments, which was carried out with larger amounts of casein but 
did not include so many different concentrations of the trypsin as the 
former series. 


Exp. 2. 100 c.c. cas. + 10 (tryps. + H,0), 75 c.c, of tannic acid sol. and 100 c.c. 
of the filtrate were taken for each estimation. The letters heading the columns are used 
in the same sense as before. Thus the column headed ¢ gives the nitrogen obtained, 
diminished by the corresponding control. _ 


Pp t e Pp t e 

1 4-40 4 1 16-35 
Q 16-45 
4 16°7 
: 3 1 12°85 5 1 19-2 
4 «8 2 134 5/2 2 19°4 
: 1 8 13°05 5/3 3 19°15 
5/4 4 192 
1 5 19°5 
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amount added is in particular borne out by the following series, in which | 


S. G. HEDIN. 
That the effect for small amounts of trypsin is proportional to the 


all specimens were digested for 24 hours. 
Exp. 8. 100 c.c. oan. + 10 (tryps. + H,0), 50 sol., 100 of 


filtrate. 

P e Pp 
1 2°40 2°40 6 (1485 2°48 
2 4°95 2:48 7 19°35 2°48 
3 1°55 2:52 8 19°10 239 
4 9°85 246 9 20-60 2°29 
5 12°45 2°49 10 92°75 


< is a constant up to 7 or 8 ¢.. of trypsin and then the fall begins. 


The following experiment shows that the time law. holds _e even 
for very small intervals of time. 


Exp. 4, 25 c.c. cas. +100 (trype +H,0), 16 tannio acd sl, 100 c.c. filtrate. 


Pp t Pp t e 

100 15 mins, . 11°35 100 1 hour 27-15 
25 60 ,, 12 25 4hours 266 
100 5; 1096 100 hours 30-05 


That the time law can be valid even . when nearly all the stunt is 
digested is evident from the following series, 


Exp. 5. 10 cas. +5 (tryps. + H,0), 10 c.c. tannic acid sol., 20 c.c. filtrate. 


Pp ¢ (days) e e 

1 1 10°75 4 1 15°7 

05 2 10°4 2 see 15°55 

2°5 16°4 

8 1 14°85 | 

1°5 2 14°65 | 


The nitrogen of 10 ¢.¢. of casein solution corresponded to 24°5 ¢.c. yy N. acid and 
therefore if all the casein had been digested, the nitrogen obtained would have been 24°5 


x 19-6. 


The concentration of the casein solution in the above experiments 
was 2°5°/, dissolved in 0°25 °*/, Na,CO, solution. A larger amount of 
alkali might interfere with the action of the trypsin in such a way that 
the regularities referred to would not be obtained. With 0°5 */, Na,CO, 

_ I have sometimes found the effect of small amounts of trypsin with very 
much casein (200 c.c.) during the second day of digestion markedly larger 
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corresponded to 18 c.c. jy N. acid. : 
‘Exp. 1, 50 0.0, alb. +50 (tryps. +H,0), 25 ¢.c: tannic acid sol., 100 c.c. filtrate. 
P (hours) t e 
50 50 ; 12 40°35 
25 6 23-65 24 39°35 
50 6 82°3 50 24 46:8 
25 81°55 25, 48 45°65 
Expr. 2. The volumes used were the same as in Exp. 1. 
Pp t@y) ¢ Pp t 
10 1 31-4 30 1 43°75 
5 2 81°2 5 6 42°45 
1 36°5 50 1 48°65 
20 1 39°5 
5 4 
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than during the first, and on doubling the amount of trypsin the effect 
may rise to more than the double in the same interval of time. In 
order as far as possible to diminish the amount of alkali I have dissolved 
freshly precipitated casein in 0:1°/, Na,CO, in such proportions that 
the solution contained 2°5°/, of casein. With this amount of alkali the 
regularities referred to above were corroborated, but on trying the validity 
of the time law with large differences of the amounts of trypsin and of 
time, one finds that a specimen with a small amount of trypsin and long 
time of digestion gives an effect somewhat less than the one obtained 
from @ specimen with more trypsin and a shorter time of digestion. 

In order if possible to eliminate the disturbing influence of the alkali 
I have tried such proteids which can be kept in solution by aid of less 
alkali than the casein. Serum-albumin, white of egg, and Witte’s 
peptone, as far as possible dialysed free from alkali, unmistakably follow 
the time law as formulated above. Some of the experiments are 
recorded below. 


Serum-albumin. The serum-albumin was prepared with Am,SO,, dialysed, heated 
with some Na,CO, in order to destroy its antitryptic properties and dialysed again till the 
alkaline reaction had disappeared. The total amount of nitrogen in 10 c¢.c. of albumin 


p t(days) t 

2 6-9 1 
2 6-7 2°5 2 8°7 
8 1 77 10 1 10°25 
15 2 17 5 2 10-15 
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White of egg, heated with some Na,CO, and dialysed for several days. 
Exp. 1, 20.0. alb. +20 6,0. (tryps. +H,0), 10 c.c. tannic acid sol., 25 0.c. filtrate. 


t (days) p t 
1 9°6 20 1 11°6 
5 2 10 2 116 
Exp.2. 25.0. alb, +30 c.c, (tryps.+H,0), 10 tannic acid sol., 50 ¢.c. filtrate. 
Pp t (days) ¢ e 
30 4 16°55 
20 3 16°75 10 6 16°15 


Witte’s peptone, dialysed for one week. 50 c.c. pept.+20.c. (tryps. + H,0), 50 c.c. tannic 
acid sol., 100 c.c, filtrate, 


t (days) t ‘ 
Q 1 19-75 | 10 1 36°25 
1 2 19°25 5 86 

5 1 28-2 20 1 43-85 
25 2 2795 10 Q 43-25 


With regard to the above result obtained with casein, that for small 
amounts of trypsin and constant time of digestion the effect is propor- 
tional to the amount of trypsin, I wish to point out that this fact 
evidently affords a method for accurately determining the relative 
strength of trypsin solutions. In such experiments at least 100c.c. of 
casein solution (2°5°/, in 0°25°/, Na,CO,) should be used, everything 
except the amount of trypsin being kept constant. If two experiments 
with different amounts of trypsin give the same effect for the unit of 
enzyme, then this represents the strength of the trypsin. | 

From the fact that at the beginning of the digestion the effect 
produced by small amounts of trypsin is proportional to the time of 
digestion, or that the absolute effect is the same for the same period of 
time, one must conclude that the enzyme does not lose in strength as 
long as this rule holds good. In one case it was found that a trypsin- 
solution in the presence ot a iarge amount of casein in 0°25°/, Na,CO, 
kept its strength unaltered at 37° for at least 5 days. When kept at 37° 
with 0°25°/, Na,CO, without casein the same solution entirely lost its — 
digesting power in 5 hours. Therefore the proteids exercise a protective 

influence upon the trvrsin. ‘This observation is in full agreement with 
statements made by several authors, ¢.9. Vernon’, Bayliss and 
Starling’. 


With regard to the influence of the amount of trypsin upon the rate 


1 This Journal, xxv. p. 412, 1901. 
® This Journal, xxx. p. 71. 1903. 
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of digestion Pawlow using Metts tubes found that the so-called Schiitz- — 
Borrissow's law, found to be valid for pepsin, holds good also for 
trypsin'. This rule implies that the rate of digestion is proportional 
to the square root of the enzyme. Pawlow’s results were roughly 
confirmed by Vernon*. As can be seen from the figures recorded my 
results are not in accordance with this rule. On the other hand my 
experiments fully corroborate Bayliss’ results as far as small amounts 
of trypsin at the beginning of the digestion are concerned, for which 
Bayliss found effect proportional to amount of enzyme®. 

With other enzymes results similar to mine have been obtained. 
O’Sullivan and Tompson under certain conditions found that in order 
to obtain constant effects the amount of invertase must be varied 
inversely with the time‘. Fuld found the time of coagulation of milk 
inversely proportional to the amount of rennet®. Vernon observed the 
same rule for peptone-splitting ferments’, and C. J. Martin for the 
fibrin-ferments in the venoms of snakes’. Duclaux found the effect of 
invertase proportional to the time at the beginning of the action’; the 
same result was obtained by O’Sullivan and Tompson and by 
Armstrong’. H. Brown and Glindinning made the same obser- 
vation for the action of diastase”. Armstrong observed that in the 
case of small amounts of invertase, the effect was proportional to the 
ie amount of enzyme". Kastle and Loewenhart found the effect of 
3 lipase upon butyricester proportional to the amount of enzyme”. 


ON THE INFLUENCE OF THE AMOUNT OF SUBSTRATE UPON THE RATE 
OF DIGESTION. 


In the experiments bearing on this subject — except the 
amount of proteid was kept constant. 


1 Arbeit. der Verdauungsdriisen, Wiesb. p. 81. 1898. 
2 This Journal, xxvt. p. 421. 1901. 
3 Arch. d. Sciences Biol. x1. Suppl. p. 261. 1905. 
4 Journ. Chem. Soc. Trans. vu. 926. 1890. 
5 Hofmeister’s Beitriige, u. 169. 1902. 

OP 6 This Journal, xxx. p. 334. 1903. 

| 7 Ibid. xxxu. p. 207. 1905. 

4 8 Traité de Microbiologie, u. p. 137. 

® Proc. Roy. Soc. uxxi. p. 500. 1904. 

10 Proc. Chem. Soc. xv. p. 43. 1902. 

1 Proc. Roy. Soc. uxxu. p. 500. 1904. 

12 Amer. Journ. of Physiol. xxtv. p. 491. 1900. 
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Exe. I. 50.0. tryps. + 15 o.c. (ens. 0,00, Time of dig. = 16 hours 
106.0. tannic acid, 10¢,c. filtrate. 


GeofCasein Effect C.c, of Casein fflectt 
c é c 
1 2°0 2°0 10°55 1°17 
2 4°0 10 1-11 
8 665 1°88 ll. 11°65 1°06 
4 7:10 1°78 12 0°98 
5 7°95 159 13 11°70 0°90 
6 8°85 ee 14 11°75 0°84 
7 9°75 1°39 15 11°75 0-78 
8 10°35 129 


From this table it is evident that the effect per unit of casein 
(contained in the last column) is largest for small amounts of casein 
and diminishes as the casein increases. For large amounts of casein the 
_ total effect was constant, which proves that in these samples the casein 
was present in excess. In the samples with very small amounts of casein 
(1 and 2 cc.) the effect was proportional to the casein present. This 
does not necessarily indicate a general rule, because the digestion in 
those samples may have been complete, and the effect in that case must 
be proportional to the casein added. Therefore the following two series 
of experiments were carried out in which the digestion was interrupted 
after one hour’s digestion. Special samples were digested further in 
order to make sure that the digestion was not oe in the first 
hqur. 


Exr.2. 100c.. tryps.+10c.c. (cas. + 0°25 °/, Na,00,), 10c.c. tannic acid, 100 c.c. 
filtrate. 


0°6 1°55 2°58 3 705 2°35 
2°56 4 8°85: 2-21 
1 2-60 2°60 5 10°4 2-08 
1°2 3-05 2°54 6 11°38 1-97 
16 4°10 2°56 8 18°75 1°72 
2 515 2°58 10 15°45 1°55 


Control containing 0°6c.c. of casein was digested for 24 hours and gave ¢=2, 
e 
corresponding to -=3, 5. 


Exp. 3. 100c.c. tryps.+20c.c. (cas, +0°25°/, Na,0O,), 30c.c. tannic acid, 125c.¢. 
trate. 


05 2-1 42 10 16°15 1°62 
08 3°85 4:19 12°5 18-2 1-46 
1 8°95 3°95 15 1-29 
5 11°55 281. 175 2065 1-18 
75 1895 1°86 20 1-08 


A specimen with 1 ¢.c. of casein sol. gave after 24 hours’ digestion ¢=5°75. 
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the effect per unit of casein increases as the total amount 


. whether this is the case Exp. 2 (p. 476) was repeated with 2 cc. of 


G for the subsequent intervals of 15 min. are 0°58, 02, 0°16, 0°08, 
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The two last. series of experiments bear clearly out the fact, that 


of casein diminishes and finally becomes constant. 
Dialysed serum-albumin gives the same result, as borne out vibe the 
following experiment. | 
400 trypsin + 40c.c. (alb.+H,0). Time of dig.=4 hour, 95 tannic acid, 
filtrate. Total nitrogen in 10 c.c. of albumin = 18. 


10 8°45 8°45 
20 16°60 8°30 
40 30°0 7°50 


The observation that the effect per unit of proteid for small amounts 
of proteid becomes constant shows that for a certain amount of proteid 
the effect is independent of the amount of trypsin as long as the 
amount of trypsin exceeds a certain limit. Beyond this limit the 
trypsin can be considered as constant and the casein is the only variable 
in the digesting fluid. Therefore one might suggest that the reaction 
should follow the laws of a monomolecular reaction. In order to try 


casein solution, and the effect was determined after different intervals a 
of time. 


¢ (mins. ) t 
15 39 4°95 
30 445 75 
45 2 days 6:7 


‘In a monomolecular reaction the change taken place in the same 
interval of time is proportional to the concentration at the beginning of 


the time. Therefore on =const., C representing the concentration. 


The total amount of casein at the beginning of the digestion may be | 
oo by the effect after complete digestion (6°7). The values of 


0-09. o therefore is no constant, the change dropping more rapidly 


than the concentration and consequently more rapidly than a mono- 
molecular reaction should require. This might be explained by assuming 
that the different constituents of the proteid molecule are digested at 
a different rate, the most digestible ones yielding the nitrogen first 
obtained. There would be nothing surprising in this, since it is a well 
known fact, that the so-called antipeptone of Ktihne is very slowly 
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digested in comparison with the other constituents of the proteid 
molecule; in fact it was until lately considered as quite indigestible. 

As regards the influence of the amount of substrate previous 
investigators have made some observations with trypsin and other 
enzymes. Bayliss did not find any linear proportionality of the effect 
to the concentration of substrate in the case of casein and trypsin. 
A. J. Brown, experimenting with invertase and cane-sugar, found 
regularities similar to mine’. With constant amounts of invertase and 
small amounts of sugar the effect was proportional to the latter and 
within the range; where this rule was valid, he found the action of the 
invertase to be a monomolecular reaction, which observation lately has 
been confirmed by Barendrecht*, The proportionality of the effect to 
the amount of sugar with large amounts of invertase was likewise — 
observed by Armstrong’. 


= INFLUENCE OF THE CONCENTRATION, THE RATIO BETWEEN TRYPSIN 
AND SUBSTRATE BEING 


In the first: instance I tried the effect of dilution with water, using 
casein dissolved in Na,CO, as substrate. On dilution not only the 
concentration of trypsin and casein but also of the free alkali was’ 
altered and the change in the concentration of the alkali could be shown 
to interfere with the digestion. As a matter of fact using 2°5°/, casein 
in 0'1°/, Na,CO, as substrate dilution with water in some cases produced 
an increase and in others a diminution of the total effect, depending 
upon the ratio between casein and trypsin. In one case dilution with 
water gave a diminution, and dilution with the same volume of 0°1°/, 
Na,CO, solution an increase of the total digestion. Therefore I tried 
proteids, which can be kept in solution with less alkali than casein, 
having removed the alkali as far as possible by dialysis. Using serum- 
albumin, white of egg, or Witte’s peptone as substrate, it was found 
that the effect of digestion for equal volumes is proportional to 
the concentration, which of course implies that dilution with 
_ water does not affect the total effect. 

The particulars of the experiments are given below. In each series 
of experiments the volume of the‘ digesting fluid was constant, the 
concentration being different in different samples. The effect (¢) is the 


1 Proc. Chem. Soc. xvii. p. 14. 1902. 
* Zeitschr, physik. Chem. xix. p. 456. 1904. 
5 Proc, Roy. Soc. uxxm. p. 500. 1904. 
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observed number of cc. +; normal acid diminished by the nitrogen 
obtained from the reagents. The lowest concentration used in each 
series represents the “unit of concentration.” 


Serum-albumin, prepared as pointed out p. 473. Total nitrogen in 10c.c. corresponding 
to 18°5 c.c, acid. 


Exp. 1. Time of dig.=2 days, 10¢.c. tannic acid, 40c.c. filtrate. 


Concentr. (c) € e 


475 817 | 20 alb.+20tr. 12°35 
10 alb.+10tr.+20H,O 635 98-18 


Exp.2. 250.0. tannic acid, 100.0. filtrate. 


Time of digestion in hours 
i2 24 
10 alb. + 10 tr. +80 H,O 9°7 97 11°05 11°05 11°75 11°75 
25 alb. + 25 tr. +50 H,O 23°95 9°58 27°25 10-9 29°25 11°70 
50 alb. +50 tr. 46°6 9°32 53 106 57°45 11-49 


White of egg (p. 478). Total nitrogen in 100.c.=12, 5. Time of dig.=2 days, 
20 c.c. tannic acid, 50c.c. filtrate. 


c 
alb.+2°5 tr.4525H,O 295 2-95 | 30alb.415tr.415H,O 1855 3°09 
10 alb. +5 tr. +45 H,O 595 2°98 | 40 alb. +20 tr. 245 3-06 
20 alb.+10tr.+30H,O 1230 8-08 


Witte’s peptone (p. 474). . Total nitrogen in 10c.c. corresponds to 14-25. Time of dig. 
=24 hours, 50c.c. tannic acid, 100 c.c. filtrate. ; 


€ 

5 pept. +1 tr. +54 H,O 3°65 3°65 
10 pept. +2 tr. +48 H,O 15 8°75 
25 pept. +5 tr. +30 H,0 19° 3:82 
50 pept. +10 tr. 89°65 8-97 


DISCUSSION OF THE RESULTS, 


The results of the above investigations as far as the influence of the 
concentration of one of the acting substances is concerned, when the 
other is added in constant amounts, can be roughly represented by a 
curve as shown in Fig. 1. | 

The ordinates represent the amount of digestion and the abscisse the 
amount of trypsin, when the amount of substrate is the same, or the 
amount of substrate when the amount of: trypsin is the same. Since 
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the same effect is obtained after an equal number of pt (trypsin time 
units), the curve will be the same for constant p and varying t, as for 
constant ¢ and varying p. The rise of the curve is most steep at the 
-origo, showing that the effect per unit of agent is largest for small — 
amounts, and also that the effect per unit of time is largest at the 
beginning of the digestion. When the amount of substrate added is 
the same and the amount of trypsin or the time is varied, the drop of 
the curve is produced in the feet place by the diminution of the amount 
of substrate. | 


In addition to this there are some dither causes for the Pa of which 
I wish to lay stress upon the following : 

1. . Some of the primary cleavage products of the proteids are more 
readily split into lower products than the rest (p. 477). 

2. Some of the enzyme is destroyed in the course of the digestion. 

3. The products of digestion exercise a checking influence upon the 
activity of the enzyme as pointed out for the trypsin by Bayliss’. 


That the enzymes form a sort of combination with the substrate 
previous to the breaking up of the same seems to be assumed by 
all who have of late been studying the enzymes. Armstrong adopts 
for the combination between invertase and cane-sugar a view similar — 
to the one adopted by Arrhenius- Madsen for the compound between ~ 
certain toxins and their antitoxins’.. According to this view the forma- 
tion of the compound enzyme-substrate is governed by the mass law, 


~ 1 Areh. d. Sciences Biol. x1. Suppl. 1905. 
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and therefore the amount formed depends upon the ratio between the 
agents present. Armstrong’s idea is accepted by Bayliss for the 
trypsin-proteid compound’. At the beginning of my work, soon after the 
publication of Arrhenius-Madsen’s paper, I was inclined to adopt 
their theory, because it seemed quite consistent with my first results, 
and particularly with the observation that the digestion of casein with 
trypsin is proportional to one of the acting substances, if the other is 
present in sufficient amount. The time law, or the rule that in order 
to obtain constant effect the time of digestion should vary inversely 
with the amount of trypsin added, I have however not been able to 
explain by aid of the mass law. 

In order to find an explanation for the time law I wish first of all to 
point out, that different constituents of the proteid molecule are digested 
at a different rate. Then one only need assume that a proteid 
molecule of a certain kind as well as a certain constituent of 


a molecule always require the same number of pt (trypsin . ~- 


time units) for their digestion independently of the amount 
of trypsin present, and that all the different proteid molecules 
present as well as the constituents of the same molecule are 
always digested in the same order. From this it follows, that after 
the same number of pf all proteid molecules of the same kind are — 
digested to the same extent. The digestion of a molecule can be 
illustrated by a sketch as shown in Fig. 2. 


Cc 


\ 


Fig. 2. 


The figure represents a molecule which ‘can be digested by means of 
a certain number of pt. The trypsin attacks the molecule at a and 
proceeds along the straight line ab, the length of which corresponds to 


1 Le. p. 30, 
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the number of pt wanted for complete digestion. The amount of non- 
precipitable nitrogen produced by the successive pi's is represented by a 
small area included by a small portion of ab, two vertical lines and the 
part of the curve ab lying between the two lines. According to the 
figure therefore the amount of digestion which has taken place at the 
end of the 4th pt is represented by the area axyc. Evidently this area 
can be covered in different ways, ¢.g. by 4p in 1, by 2p in 2t, by 1p in 4¢. 
The curve cb evidently may assume any irregular shape without affecting 
_ the validity of the time law, provided the trypsin always proceeds in 
the same order (along the line ab). 

The above way of explaining the validity of the time law obviously 
involves that the compound trypsin-substrate is formed at once for all 
concentrations of trypsin, or at any rate that the time required for the 
formation of the compound can be neglected in comparison with the 
time wanted for the breaking up of the substrate. This therefore must 
be assumed to be the case with casein, serum-albumin, white of egg, and 
Witte’s peptone, for. which the time law has been found to be valid. 
Furthermore the time law requires that all the trypsin present or at any 
rate that always the same proportion of it should be combined. This 
view is supported by the fact that using serum-albumin, white of egg, 
or Witte’s peptone as substrate the same amount of trypsin and of 
substrate produce the same effect independently of the dilution (p. 479). 
For casein the effect of dilution could not be tried directly (p. 478). 
With a sufficient amount of casein the effect, however, was found to 
be proportional to the amount of trypsin, and likewise proportional to 
the time of digestion (p. 471), observations which are in favour of the 
compound trypsin-casein being formed at once and being complete. 

In the above discussion it was assumed that the substrate was 
present in such an amount that all the trypsin was bound. According 
to the assumption made one molecule of proteid possesses only a certain 
number of affinities, where the trypsin can be fixed to it. Therefore, if 
so much trypsin is added that all the affinities of the substrate are 
saturated, then an addition of more trypsin would be of no digestive 
value, and the effect must be independent of the amount of trypsin. 
This state of things evidently corresponds to the experiments where the 
effect was found to be proportional to the amount of proteid added 
(p. 476). Upon theoretical grounds one may conclude that the time law 
cannot hold good if in any of the samples to be compared the trypsin 
is present in such an excess that some of it cannot be combined. 
' Suppose two samples are to be digested in order to try the validity of 
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the time law and that the amount of proteid present in each of them 
contains affinities for m trypsin-units. One of the samples (A) is 
given (m+n).p trypsin, and the digestion in this sample is in- 

terrupted after the time ¢, before all the substrate is digested. The 

other sample (B) contains p trypsin and is given the time (m+n). t. 

After the expiration of the time ¢ the digestion in A corresponds to 

m.pt, and after the time (m+n)t the digestion in B corresponds to 

p(m+n)t=mpt+npt. Therefore the digestion in the sample with less 

trypsin and longer time of digestion must be more advanced than in the 

sample with more trypsin and shorter time of digestion after the same 

number of trypsin time units. This is fully borne out by experiments. 

According to.the deduction just carried out at least one of the samples 
to be compared should be within the range where the effect is proportional 

to the amount of substrate added. In order to ascertain that this is the 

case a series of experiments with varying amounts of substrate must be 

carried out and at the same time the validity of the time law should be 

tried for the different concentrations of the substrate. For that purpose 
the following series was arranged with serum-albumin as substrate. 

25 ¢.c. tannic acid and 400 c.c. filtrate were taken for each estimation. 
Time of dig. e ¢ 


400 tryps. +40 alb. 30 mins. 80°0 75 
200 tr.+ 40 alb. +200 H,O | 


60 
400 tr. +20 alb. +20 H,O 80 166 / 88 
200 tr. +20 alb. +220 H,O 60 17°35 8-68 
400 tr.+10 alb. +30 H,O 30 8-45 8-45 
200 tr. +10 alb. +230 H,O 60 9°45 9°45 

Total nitrogen in 10 c.c. alb. = 18, 

The figures in the last column representing the effect per unit of 
concentration of substrate (10 c.c.) show that of the samples with 400 cc. 
trypsin those with 10 and 20 c.c. albumin gave an effect proportional 
to the amount of albumin, whilst the one with 40c.c. albumin gave a 
lower result. Of the samples with 200c.c. trypsin all are outside the 
range of proportionality. Therefore one must expect the time law to 
hold good for the samples with 40c.c. alb. (difference = 1°8°/,) and not 
for those. with 20 cc. alb. (difference = 4°5°/,) and still less for those 
with 10c.c. alb. (difference =12°/,). The experiments with 10c.c. alb. 


were repeated in the following way. 
t 


é 
400 c.c. tryps. + 10 cc. alb. 15 mins. 7°25 
100 c.c. tryps.+10c.c. alb.+300c.c.H,O 60 ,, 9°15 


In this case the difference amounts to 26°/,. 
a 


2 
i 
| 
| 
| 
a 
4 
| 
| 
ag 
f 
4 
a 
BA) 
& 
j 
34 
4 


484 @ +HEDIN. 


In a similar way it can, I think, be explained that in the experi- 
ments of Fuld? with rennet, and of Martin’ with fibrin-ferments in the 
venoms of snakes, the same time law held only for moderate quantities 
of enzyme. I assume that the enzymes combine with the casein and 
fibrinogen, and in the course of a certain number of enzyme time units 
produce some change, in consequence of which the coagulation occurs. 


In the way set forth above one finds that this law cannot be valid unless _ 


all the enzyme added can be combined. If more is added then the time 
of clotting observed must necessarily ” longer than calculated from 
experiments with less enzyme. 

According to the time law the amount of digestion is the same in 
different specimens after the same number of pt, if everything except 
the amount of enzyme (p) and the time of digestion (¢) is the same. 
This obviously implies that the effects of all factors which influence the 
digestion must be functions of pt. Therefore the diminution of digestion — 
caused by destruction of enzyme must be the same after the same 
number of pt. This can easily be deducted from the time law as follows. 
Suppose the amounts of trypsin p and p’ during the times ¢ and ¢’ produce 
the same effect. Then & =f During the digestion the amounts of 
enzyme are reduced to, suppose, kp and kp’. After the ome intervals of 


time the effect must again be the same, or yn i =-—, Therefore 


Thus the destruction of enzyme after the same number of 
pt does not affect the original ratio between the amounts of 
enzyme, | | 

With reference to the products of digestion it is evident that they 
are the same after the same number of pt, since the amount of digestion 
in my experiments was determined by estimating the nitrogen of the 
products obtained. Unless different factors influencing the digestion 
should happen to neutralise each other, which is not likely to be the case, 
one must therefore assume that the retarding effect of the products is 
the same during the same number of pt. 

Tn conclusion I wish to point out that the results arrived at apply 
only to the proteids tried. It is proposed to extend the investigations to 
other proteids. : 


1 Hofmeister’s Beitriige, 1. p. 169. 1902. 
* This Journal, xxxn. p. 207. 1905. 
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SUMMARY. 


1. In order to obtain the same effect with the same amount of sub- 
strate and varying amounts of trypsin, the time of digestion should vary 
inversely with the amount of trypsin used, provided the substrate is 
present in sufficient quantity. This rule holds approximately for all the 
proteids tried, namely, casein, serum-albumin, white of egg and Witte’s 

peptone. 

2. Ifserum-albumin, white of egg, or Witte’ 8 peptone are used as 
substrate in as neutral solution as possible, the total effect is not affected 
by dilution with water, 1.c. the effect for equal volumes is proportional 
to the concentration, the ratio between trypsin and substrate bang 
constant, 

3. The influence of the dilution upon the digestion of casein cannot 
be tried directly because of the disturbing influence of the alkali. It. 
can however be proved that the effect is proportional to the concentration 
of one of the agents (casein or trypsin), if the other is present in @ 
sufficient amount. 

4 With very small amounts of trypsin and a sufficient quantity of 
casein the effect is proportional to the time at the very beginning of 
the digestion. 

5. The above results may be explained as follows. All the trypsin 
added is at once attached to the substrate and equally distributed among 
all molecules of the same kind. Molecules of different proteids as well 
as different constituents of the same molecule may be digested at a 
different rate, but the same molecule or the same constituent always 
requires the same number of trypsin time units for its digestion, and the 
order in which the different molecules and the different constituents of 
the same molecule are digested is always the same independently of the 
amount of trypsin present. 

6. From the time law it follows, that the influence of the destruction 
of enzyme and of the products of digestion must be the same ssid the 


same number of trypein time units. 
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NORMAL ALVEOLAR CARBONIC ACID PRES. 
SURE IN MAN. By MABEL PUREFOY FITZGERALD 
anp J. 8. HALDANE, MD., FRS. (One Figure in Text.) 


(From the Physiological Laboratory, Oaford.) 


In a recent paper by Haldane and Priestley’ it was shown that 
the lung ventilation under normal conditions is so regulated as to 
maintain a definite mean alveolar carbonic acid pressure. Although this 
pressure was practically constant during rest in each of the two 
individuals experimented on, it differed considerably in the two cases. 
As it was evidently of considerable interest to ascertain the limits 
within which the alveolar CO, pressure varies in different individuals, 
and as a knowledge of these limits is essential to a correct appreciation 
of pathological changes in the alveolar CO, pressure, we have made a 
series of experiments on the subject. : 

The method which we employed was similar to that already 
described by Haldane and Priestley ; but as a large number of samples 
had to be dealt with, and it was essential to work as rapidly as possible, 

we introduced the following modifications. The wide tube through 
which the subject expired was connected directly, in the manner shown 
diagrammatically in the accompanying figure, with the gas-burette A 
of the small air-analysis apparatus recently described by Haldane’. 
Before the experiment the burette and a piece of capillary tubing 
- connecting it with the breathing tube were filled with mercury by 
raising the reservoir C : the tap was turned so as to prevent the mercury 
from running back; and the reservoir replaced, The subject, while 
breathing, quite normally, then expired sharply and deeply through the 
breathing tube, and immediately closed the mouth-piece with his tongue. 
As a check on the sufficiency of the expiration its depth was at the 
same time measured by means of the spirometer shown in the figure. 


1 This Journal, xxxr. p. 225. 1905. 

® The Investigation of Mine Air, edited by Le Neve Foster and Haldane, 1905, 
p. 116. Analyses by this apparatus are reliable to ‘02°/,. The calibration of the burette 
employed was carefully checked. 
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i= The tap of the burette. was then turned so as to let the mercury flow 
1 down and draw in a sample of air from the breathing tube, the burette 
being filled to of the As the burette 


4 


_was graduated from below upwards in thousandths of its total capacity 
it was only necessary to subtract the first reading from that obtained 
after absorption of the CO, in order to ascertain the percentage of CO,. 
Each experiment could thus be completed in about three or four 
minutes. As a rule four samples were obtained from each person—two 
taken just at the end of a normal inspiration, and two at the end of an 
expiration, In some cases there was a tendency at first for the subject 
to take an extra deep inspiration before expiring through the tube, in 
consequence of which the percentage of CO, was abnormally low. Such 
samples were rejected. ‘Many persons, however, gave consistent results 
from the outset, 

The following tables show the results of the experiments, and 
include the mean results obtained by Haldane and Priestley, already 
published in detail’. Columus 7, 8, and 9 give the percentages of 
CO, found by analysis. These are calculated in the usual manner for 
dry air. Column 10 gives the actual pressures of CO, in the alveolar — 
air, which was of course saturated with moisture at about 37°, and at 
— — pressures, 

1 Loe, cit., Pe 223. 
PH, XXXII. 32 , 
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| * Average of determinations already published. 


H.M, 20 782 686 632 684 484 
J. G. P. 69-7 933 756 617 684 628 44% 
R. B. H. 48 74 
J.B. K, M. 85-2 
0. H. H 4588 21 86752 «= 6D 
6-20} 596 
4965 5-96 
746 600 5°70 
» 5°87 620 
62% 3376 24 764 5°86) 
155 6°40 573 40-7 
67-0 742 524) 5 
‘1-897 
878 4916 732 662 5°55 
71° 
830 3670 44 754 554 670 562 89°7 
822 3851 23 768 S62 668 558 400 
63°0 20 746. 65659 65°46 
3 » 548 383 
61°3 214 760 
3 5-46. 88-9 
524 
670 4688 741. 503 5°60) 
787 522 656) 542 378. 
22 5641 542 888 
648 3000 740 #521 569 540 
| 
755 
790 5178 34 764 540 
714 4900 21 #866764 5409 
” 6°11 85°6 
669 8709 9833 740 498 404) 
785 458 511; 72-836 
748 545 567 5°59 39°2 


Taste I, Men. 
CO, percentage in dry alveolar air 
ig 
4 
$ 
; 
< 
4 
q 
2 
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a3. 
DLA 6.9 
W. A. 6.65 713 8277 
B.G.8. 5.1 2458 
MGS 69) 

H. 566 8848 
v. i. 5.384 5528162 
5.93 6291 8606 
R. 5.64 630 3780 
J. 5.83 609 2710 
5.62 55-2. 2790 
0.8, 561 3162 
R8.M.P. 5&7 761 4100 
E.0.W. 5.1 365 2621 
BM. 604 9704 
5.78: 3004 
L.P.F.G. 5.8 752 2950 

K.J.M. 6,03 
H. 8. 8769 
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596 40°7 
587 ‘4190 
579 406 
555 
545 876 
548 
541 382 
541 
541 888 
538 38-2 

5°83 87-4 
588 
524 36-8. 
519-855 
518 368 
517 «863 
513 860 
512 
S11 359 
508 858 
508 86-1 
506 
500 «85-1 
492 350 
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TaBLe Il, Women. . 4 
| & | COg percentage in dry alveolar air a 
. 4s 4 
22 
5°84 
9923 
5°87 
23 749 5°95 4 
99 5°75 
17 755 
5°50 
$4786 «B86 
21757 
5°52 
20h 756 (568 
764 5 
24 746 5 
20 757. 5-52 4 
194 749 
0 47) F 
193 749 39 4 
9? 4 23} 
30 781 587 5-62 ‘ 
5°00 
99 5°39 4 
19-757 
489 5-26 | 
749 «4°79 
5-28} 
25 749 5°81 4-70 3 
29 4°86 4°97 
214 749 5-29 4 
4°97 
0 79 ‘ 
490 a 
39 753 4°56 
759 
» 
21 «4-98 4 
4 99 5°44 4 
4°96 | 4 
4:56 ¥ 
4°65 


670 


58°7 


3424 


3015 


17 
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Taste II. Women (continued). 
004 percentage in dry alveolar air 


5.14 


4.113 


34°8 | 


30°9 


22-6 
38°5 
469 
38°7 
45°6 
26-5 


40-9 


33°5 
35°2 
34°8 


2261 
2758 


+ Average of a number of deter 
‘TABLE III. Boys, 
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oe 


om 


5°77 


87°3 


4g =) 3 
a E.M.P. 5.54 526 2900 20 749 495 4-47 
» 462 540} 489 34:3 
4 A. C. 5.2 §2°2 2474 283 756 4°89 84°7 
P. H. 507 486 845 
4 M.P.F.G.* 5.34 535 758 483 481 38490 
a B. A. B. 5.6 566 3851 21 781 4-80 
E.G.c. 56.8; MMM 3458 21° 781 4°63 
3 ” ” 5° is} 4°71 32°2 
E. H. P. 5.8 20 757 4°57 
kL? if om 434 428 380°4 
Mean Mm 42524 
J.D. W. 4.94 | 2032 752 5:98 
D. B. 4.6 93 751 548. 588 
J. H. 5.24 123. 745 567 617 
99 5°80 5°86 5°70 39 7 
750 5°51 5°72 
"9 
” 
B. B. 4.93 2360 123 © 752 556 39-2 
W.E.D. 41 1278 8) 751 549 574) 
A. L. 4,8} 2147 ll 761 5°48 

t E. B. 9787 188 «752s 556) 

12 752 617 Bil) 

E.G.R. 54 3048 1 
.G.R. 5.43 8 752 515 645) 

5°17 5°08 5 20 36°6 
4.8 1721 103 751 $90 868 
29 ” 5:07 

4.7 2130 18 752 405 49 
8. 4.8) 1917 12 751 464-397 
4 8. 5.0 2261 18 152 
| Mean 751514 628 
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“Taste IV. Girls, 
| CO, percentage in dry alveolar air 
23 
3 
M. B. 144 755 576° 5:72 
566 
» 842 571 
N. 4.0 252 13998 750 ees | 
” 
” 
D. B. 5.5 2458 (15h 
” 518 5°57 38°2 
» 859 568 
N. M. 1868 18 755 498 
” ” 5°07 5°72 
C. 8. 4.85 309 1901 12 751 524 6:00 
M. C. 4.10 36°0 103 754 4°74 
P. J. 5.3 878 311 183 753 eet 465 
R. J. 5.54 426 2507 148 753 476 4°66) 
4-46 464  32°8 
” 4°7 
Vv. G. 4.73 26 2048 756 437 457 
Mean 71 495 517 500 352 


each class of subjects. 
V. 

Maximum 44°5 586 6-25 
Men J Minimum 32°6 4:29 
Mean 516 5°51 
Maximum 41-0 540. 5°76 
Women { Minimum 30°4 4°26 
Mean 36-3 478 5-10 
Boys Minimum 806 408 4:30 
Mean 87:2 4°89. 5-21 
Maximum 40°1 5°27 5-62 
Girls | Minimum 31-2 4°10 . 4:87 
‘Mean 35°2 4-63 


The following table shows the mean and extreme CO, pressures for 
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Tasux VI Variations in alveolar OO, percentage during two 
successive nights and days. 


“ End of End of ny 
Time inspiration expiration Mean 
15.45 p.m. 4°90 5°26 
4°81 501} 
(Dinner, 7.30 p.m.) é 
8.30 ,, 4°84 5-10} | 
10. p.m. 5:18 5°17 
5-07} 
12 (midnight) 4:71 5-00 4-79 
(Glass of milk, 12.30) 
a.m. 4°70 4°96 
2.30 ,, 4-70 525 
4 a.m 4°98 4-99 
4.30 ,, 4-98 5-01 409 
5 am 4°89 4°83 
5.30 ,, 4°75 +96} 
6 a.m. 4°73 4°81 et 
6.10 ,, 4°82 4°86 
6.20 ,, 4°85 5°02 
78 4°73 5°09 
8.10 ,, 4-71 £00} 
(Breakfast, 9 a.m.) 
10. a 4°76 4°82 
10.15 4°80 4°78 
12 (noon 4°79 4°71 
12.20 4-68 +78} 
(Luncheon, 1.30) 
5°30 5° 
2.15 ,, 4°99 500 | 5°21 
5°06 5°34 
4.15 p.m. 514 517) 
4.30 ,, 511 
(Tea, 5 p.m.) ee 
6.15 p.m. 4°72 5°07 4-90 
(Dinner, 7.30) | 
8 p.m. 4°87 4°98 4°93 
10 p.m. 5°08 5°38 517 
10.15 5°04 5°15 
12.50 a. 5°12 5-43} 5°18 
2 am. 510 5°46 530. 
2.80 539 5°24 
4 a.m. 5°23 5°43 
4.20 ,, 5-21 a3} 5-80 
5.50 a.m 582 5-54 
5-29 
6.40 ,, 4°98 5°48 
7.30a.m. 5-06 5-28 
(Breakfast, 9.15): A 
10 a.m. 5°25 5°37 
12 (noon) 5°02 5°17 
(Luncheon, 1.15) 
2.80 pam. 5°58 


Barometer 756 mm. Hy, * Barometer 753 mm. Hg. | * Barometer 759 mm. Hg. 


‘ 
CO, percentage in dry alveolar air 
; 
¢ 
q 
3 
5 
e 
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_ It will be seen that the: mean alveolar CO, pressure is about 8°/, 
higher in men than in women, or in boys and girls. This difference is 
probably connected: in some way with the fact that the hemoglobin 
percentage is about 12°/, higher in men than in women or boys and 

_ The tables also show that no relation can be traced between the 
alveolar CO, pressure and either weight, height, or. vital capacity. 

The determination on R. R.S. (Table I) is of special interest, as his 


festing respiratory ventilation. was extraordinarily high (233 c.c. per 


eae minute and per kilo of body-weight as compared with the average for 
ac men of 121 c.c.*). As his alveolar CO, pressure was not abnormally low 
his respiratory exchange during rest must have been extremely high. 

_ The alveolar CO, pressure of J.S. H. and J.G. P. have remained on 
an average very steady during the last two years, the most recent 
determinations giving just about the same result as those made two 
years ago. As, however, it was difficult to judge whether the slight 
variations observed from day to day in the same individual were due to 
accidental errors of experiment or to actual variations, two series of 

continuous observations were made by M. P. F.G.on her own alveolar 
CO, pressure. The results are shown in Tables VI and VII. 


Taste VII. Variations in alveolar CO, percentage during twelve hours. 


COs percentage in dry alveolar air 
‘End of End of tee 
*8 a.m. 4°82 5°06 
8.30 ,, 478 5°06) 
(Breakfast, 9 a.m.) 
10 am 511 4°48 
10.30 ,, 4°83 4°79 4°80 
4°77 4°82 
12 en) 4°82 5°23 
12.15 p.m. 481 4°75 477 
12.30 ,, 5°05 4:44 
(Luncheon, 1.30) 
2 p.m. 5-05 4-98 
4°75 4°69 4°86 
2.30 ,, 4-90 4°85 
4 p.m. 4°70 4°89 4°80 
(Tea, 5.15) 
6 p.m. 4°35 450 
6.15 ,, 4°61 4°71 4°62 
4°55 4-96 
7.20. ,, 4°75 5°02 4°89 
Mean 4°75 4°86 4°81 


1 Haldane. This Journal, xxvi. p, 503. 1901. 
This Journal, xxxn. p. 246. 1905. 
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It will be seen from these tables that no definite diurnal variations 
can be traced in the alveolar CO, pressure. On the other hand there is 
a very unmistakeable rise during the last 24 hours of the experiment 
detailed in Table VI. For this period the alveolar CO, pressure 
averaged 4'87°/, of an atmosphere, whereas the average on other. days 
was only 4°48°/,, as shown in Table Il. The experiment was a very 
tiring one, and possibly the high result during the last. 24 hours — : 
have been due in some way to exhaustion. | 

A further experiment was'made by M. P. F. G.t to test the after-effects 
of moderate muscular exertion. The alveolar CO, percentage was 
determined just before and just after a — ride of nine miles in 

4 53 minutes. . The ines was as follows : 


Taste VILL. 

4 peteentaxe in diy alveolar air 

Barom. =760 mm. expiration Mean 


The muscular work had thus no appreciable after-effect on the 
alveolar CO, pressure. 

We wish to express our thanks to tine numerous friends who acted 
as subjects in these experiments, and particularly to Mr C. C. Lynam, 
_ Head Master of the Oxford Preparatory School, for oa co-operation in 
connection with the observations on boys. 
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THE HUMAN CARDIOPNEUMATIC MOVEMENTS. By 
D. FRASER HARRIS. (Five Figures in the Text.) 


(From the Physiological Laboratory, University of St Andrews.) 
Ir cannot be said that there is complete agreement as to the interpreta- 
tion of the tracings known as cardiopneumatic by the few workers who 
have published the results of their experiments. I lately obtained certain 
records of air-movements in the passive chest and of the cardiac apex- 
beat which exhibit the causal relations between the two —— 80 
distinctly that I desire to publish the tracings. 

Method. Two newly covered Marey tambours (original saieate, | 
diam. of membrane 4°8 cms.) were used. The upper or cardiac one was 
in connection with a Marey’s cardiograph with button’, the length of 
the indiarubber tube between them being 73 cms. 

The lower or cardiopneumatic tambour was in all respects similar to 
the upper one; the aluminium lever of each being 17-7 cms. measured 
from the hinge or fulcrum. To the lower tambour passed an india- 
rubber tube 73 cms. long, into the free end of which was fitted a glass 
tube capable of being held steadily in the mouth. My object was to 
obtain two simultaneously taken records, one of the apex-beat, the other 
_ of the air in the passive chest (fixed in the inspiratory position with 
glottis open), by means of tambours whose levers were tracing vertically 
one above the other. 

The drum having been started at the rate suitable for cardiac record- 
ing, with one hand I held the tambour over the apex-beat, with the 
other I closed my nostrils, having previously inspired, so that the only 
‘patent passage from the interior of the lungs was through the tube to 
the upper tambour. The success of this method depends on one’s 
ability to fix the chest for a sufficient length of time in the inspiratory 
position with glottis open, tc. to cease breathing ; ; this rapidly becomes 
uncomfortable. The tracing reproduced in Figure 1 represents 26 
complete cardiac cycles with their causally related or corresponding 
26 cardiopneumatic cycles. Thus any one cardiopneumatic movement 


1 I am aware of Hayeraft’s objections to the button on the cardiograph, but, as he 
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reeorded in the lower tracing was caused by that cardiac movement re- 
corded in the upper tracing that is slightly to the left of a line passing 


Fig. 1. Cardiogram, upper tracing, and cardiopneumogram, lowér tracing, simultaneously 
recorded. Each through a Marey’s tambour; 26 complete cycles, Upstrokes in the 
lower are expiratory. Time-tracing, seconds. (To be read from left to right.) 
vertically across the tracings. In other words, there was a short interval 
of time between the moment when the cardiac lever began to record 
heart-beats and when the cardiopneumatic lever. began to .record . air- 
movements; the latter was *4” later than the former in recording the 
corresponding cycle. This latency is manifestly due partly to the longer : 
path to be traversed by the pulmonary air-wave from its place of origin 
—the pericardial pulmonary alveoli—than by the wave of air started by 3 
the cardiograph in the tube for the cardiac lever. : 
Historical.. The history up to 1891 is given by Haycraft. and 
Edie? in their paper on the cardiopneumatic' movements, and for my 
present purpose need not be. recapitulated. The “oncometer” view, as — 
it may be called, of the phenomenon seems proved by the experiments 
described by these two workers: it briefly is, thatthe lungs act in this 
connection like an air-plethysmograph to the heart, whose movements, 
causing variations of pressure, are the source of the air-movements 
within the enveloping pulmonary alveoli. From this as proved, I start 
in the interpretation of the human cardiopneumogram. | 
In the same year Delé pine’ published & paper on the results of an : 
investigation into these air-movements, in which he says “the heart 
being, surrounded in almost every direction by the elastic pulmonary 
tissue, the alveoli of which are full of air and communicate more or less 
directly'with the main bronchi, any alteration of shape of the heart. will i 
cause displacement of air which will produce movements or waves in the L 
This Journal, x1 p. 426, 1891. Brit. Med. Journ, July 25. 1891. 
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-so- long as the lung touched the heart, the! ‘cardiac ‘movements’ cafised 
intrapulmonary air-movements' (p: No! doubtother: factors':co- 


similarly we can distinguish 1 in the cardiopneumogram the corresponding 


CARDIOPNEUMATIC MOVEMENTS. 


is’ thé oncometer theory distinctly. enunciated. |. Haycraft’ and 
Edie! proved it by showing that .even:in: the dpetied chest: (rabbit), 


operate, but the predominant factor : is variations: of ‘pressure due) to 
variations: of cardiac volume. due movements 
affecting the intrapulmonary air. 

cardiopnéumatic eurve with the view of showing “the relations of the 
various parts. of the pneumocardiographic curve to the: various: parts of 
the cardiac revolution.” to me that these relations are: more 
directly arrived at: by comparing the tracing the ait-movements 


Fig. 2. Portion of tracing in Fig. 1 enlarged three times, bc is : 
“cause” of Yc’; of and soon. 

Interpretation of the human. cardiopneumogram. ‘of the 
enlarged, tracings . in Figure 2 shows that we can distinguish in the 
cardiogram three main phases—ab, an. upstroke, be, a downstroke, and 
cd, a gradual wavy rising. curve terminated by a sharp descent da,, and 


phases, viz. a’b’, b’c’, c’d’, and finally da”. It seems to me that on, the 
oncometer theory the relations are as follows :— 

_1. . The ventricles, full of blood, commence the wine onl bitin the 
chest wall ae: ‘beat.”) causing ab, in upper tracing: this sudden stroke 


This Journad, 496. 1891. 
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498 F. HARRIS. 
to the air-filled alveoli causes the slight expiratory put ab’. Phase one ; 
sharp stroke: result, short expiration. __ 

_ 2. The ventricles rapidly empty (bc) and remain systolic and seiky | 
(plateau-producing period in the aortic blood-pressure tracing), the effect — 
of this sudden diminution in volume on the heart air-oncometer is to — 
cause a sudden downdraught of air b’c’.. Phase two; systolic shrinkage 
and maintenance thereof: result, the chief indraught of air. 

3. The ventricles now fill: the volume gradually increases, causing — 


cd, in the upper tracing: effect of this on the air of enveloping lung isto 


produce a: gradual egress of air cd’: just as cd is “wavy,” so is cd’. 


_Haycraft regards these waves “as due to inertia of the recording 


apparatus.” The last of them marks, I think, the effect on the lungs of 
auricular systole da,, the pneumatic response to this being the minute. 
expiratory and inspiratory puffs da”. The auricular systole is quite 
distinct in the facsimile of the cardiogram (Figure 1). 


me. 3. Woare cardiopneumogram, actual size. Downstrokes are ingpiratory. 
Time seconds. (To be read from left to right.) 


Fig. 3 is a human cardiopneumogram characterised by great dis- 


 tinetness of inspiratory indraught. This was obtained by interposing 


between the tambour and the tube from the mouthpiece a large air 
reservoir in the shape of a bell-jar (over water).. The cork of this jar 


had two apertures, one supplied a tube to the tambour, the other a 


tube to the mouthpiece. This device seems to have produced @ very 
well-marked cardiopneumogram and to have. sticceeded in the 
inertial oscillations. 

. It seems, then, that the sequence of correlated events in’ the 
pheaomena under consideration is a8 follows :—The heart, full of blood, 
suddenly delivers a stroke, (1) the first part of systole, to the circum- 
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CARDIOPNEUMATIC. MOVEMENTS. 499 
jacent pulmonary tissue; the effect of which is a small expi 
air-movement ((1) systolic impact expiration); immediately thereafter 
the blood swiftly leaves the ventricles, which rapidly shrink in volume, — 
and remain systolic for 4” or so’ (plateau-producing oF second systolic 
period), the plethysmographic effect of which: is that aii is swiftly sucked 
into. the lung alveoli ( (2) systolic inspiration). 

_ (3) The ventricles now relax and begin to fill with blood ; this 
increase of cardiac volume expels air from the lungs and causes the 
(3) diastolic expiratory air-movements; finally, (4) thé auricles contract : 
this movement: seems to be recorded by the oncometer-forming lung as 

a slight expiration and inspiration which immediately ‘precede the 
of the ventricular — stroke with which. the: next eyele. is 
ushered in. 

I finally employed what. 1 may call 9° socupenibe method, whereby 
the cardiac and the pulmonary waves were superposed. I used a single 
tambour to which two: indiarubber tubes were led wid a Y-shaped 
glass ‘tube: oné tube canie from: tlie’ cardiograph; the. other from’ the 
mouthpiece ; the distance from the Y to.the. tambour was the same as 


Pi 4, cardiogram and i.e. both heart-movements 
air-movements superposed, and recorded by due. tambour. Upstrokes are ‘aystolic 


Fig. 5, Suiall portion (2 cycles) out of Pig. 4 magnified three times. 
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that:from: the Y the! mouthpicce, viz. 4 shows the 

Scrutiny of this ihatactors some of whiich 
pet evidently cardiographic; others: as ‘évidently cardiopneumographic. 
The marked dip 4 (Fig. .5). is: obviously’ the(chief inspiratory down- 
marked: 2 is ‘clearly the “‘apex-beat,” bin: Fig. 2. | 

During ‘the phase marked: 1: (Fig. seeing pre- 
the ‘ventricles: must ‘be’ filling and ‘air leaving the: chest ; 
pliase ‘1 -is: therefore combiried' diastolic and expiratory’; this phase: is 
closed by the sharp systolic stroke, the “apex-beat” which gives the point 2 
(characteristically' cardiac). Immediately thereafter ventricles 
discharge their contents and “hold: on” in'systolic' diminution of volume 
(second: phase’! of.‘ systole), causing: the: fall: of the lever from 2 to 3_ 
_ (characteristically also a cardiac: phase). ‘Now; as we have seen, the 
cardiac apex-beat (systolic stroke) is recorded after an interval of “38” 
to in the cardiopneumogram.as an expiration which, in the compo- 
site tracing, is the spike 3' ;. I find that3’ is recorded 38” after 2, But 
the second phase of the cardiac systole has to be registered by the 
oncometric lung, and thus we find the large inspiratory downdranght, | 
the dip 4, is recorded ‘38” after the fall of the lever from the apex 2. 
has begun, Phase 4 is, therefore, 

phic, 
ae The lever rises with considerable. rapidity after the fall 4, for now 
the filling ventricles are asserting’ themselves against the 
lung, and air is leaving the chest- quickly at. first (4'), more gradually 
‘later (1): Thus since phase 4’ is compound, or due toa cardiac diastolic 
phase and an éxpiratory cardiopneumographic phase, the ascént of the 
lever is more rapid than when due to either event alone as recorded in 
the cardiogram and cardiopneumogram — respectively. There is no 
diastolic rise or expiratory rise of the leverso sudden as this when these 
events are recorded separately, but when’ both actuate the same lever at 
the same time the record of their combined effects is more energetic 
than the record of either would be singly. Thus 2, and 2 to 3 are 
- characteristically or predominantly cardiac events, 3’ and 4 are charac- 
teristically pulmonary events, while 4’ and 1 are combined events, heart 


swelling and air leaving lungs, at first rapidly (4), then more wed (1) 
as the heart becomes more nearly full, 


Some of the expenses of the above research were atirared by a grant from 
the Carnegie Trustees whose liberality.I desire gratefully to acknowledge. 
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THE ACTION OF OPTICAL ISOMERS. ‘TI. HYOSCINES: 


By ARTHUR R. CUSHNY, M.A, M.D, Professor of Pharma- 
cology in University College, London, AND A. ROY bes nesecgige | 


Ginn Figures in the Text.) 


paper" it was shown: that the two differ to 
a marked extent in their pharmacological action, the levorotary natural 
base possessing a very powerful action on the terminations of the nerves 


in’ the: salivary: glands, heart, and iris, while the déxtrorotary artificial | 
base is almost devoid of effect on these organs, but exercises a stronger ; 
stimulating action on the central nervous system of the frog. The ~ 


action of atropine (racemic hyoscyamine) is the resultant of the action 
of its two components, levo- and dextro-hyoseyamine, and it thus affects 
the nerve terminations about half as strongly as lseevo-hyoscyamine, while 
possessing’ a more distinct stimulant action on the central nervous 
system, .The difference in the effect of. levo-hyoscyamine and the 


‘dextrorotary alkaloid was first inferred from # comparison of the’ action 
of atropine and hyoscyamine, and was ‘then: confirmed by the = 


dextro-hyoscyamine. 
A review of the literature concerning ine action of optical isomers 


on. vertebrates was given in that paper but two further examples’ of 


differentiation between the isomers have since been added, Mayor* 
states that levo-nicotine, the natural alkaloid, is' twice as toxic to guinea- 
pigs as the artificial dextro-nicotine. . The levorotary base induces pain 
when injected hypodermically, while the dextrorotary has no such effect, 
and there appears to be some difference inthe nature of the convulsions, 
those following dextro-nicotine having a prevailing tremulous character, 
while those induced by levo-nicotine are more violent and set in more 
abruptly. Neuberg and Mayer* found that d-mannose undergoes 


more rapid oxidation in the tissues of the rabbit than-l-mannose, and 
that the injection of inactive mannose is followed by the appearance of — 


l- and inactive mannose in the urine. Glycogen i is formed from — 


Jowrnal, xxx. p. 176. 1904, 
2 Ber. d. Deutsch. chem. Gesellsch, xxxvu1. p. 1234. 1904.. 
Zeitsch. f. physiol. Chemie, xxxvu. p. 530. 1903) 
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and l-mannose as well as from d-mannose. An instance of similar 
differentiation which was overlooked in the former paper is offered by 
f-oxybutyric acid examined by McKenzie’, who states that the dextro- 
rotary acid is more readily decomposed in the tissues than the lsvorotary 
and that the injection of inactive 8-oxybutyric salts is followed by the 
excretion of a mixture of inactive and levorotary acid in the urine. | 
The study of atropine and hyoscyamine led naturally to that of 
levorotary and racemic hyoscine’, and the fact that the presence of the 
dextrorotary body in atropine lends it, 4 more excitant action on the 
central nervous system than is possessed by hyoscyamine suggested that 
racemised hyoscine might have less hypnotic action than the levorotary 
base and that this might explain the frequent failure of hyoscine to act 
in insomnia, The only. experiments hitherto performed on the com- 
parative activity of these two isomers are those of Meyer* and — 
Kénigshéfer‘, who applied: dilute solutions to the eye and describe the 
effects of the alkaloids as very similar, each causing dilation of the pupil 
of approximately the same duration; racemic hyoscine appeared to act 
more quickly on the accommodation than the natural base according to 
Kénigshéfer, and Meyer seems to consider that it acts more strongly 
in some pathological conditions. The method of application adopted in 
these investigations, however, scarcely allows of any accurate comparison 
of the effects of the alkaloids. ) 
A very pure specimen of hyoscine hodeensete was kindly supplied 
us by the Merck Co., who stated that the (a) » was — 24'62°. This was 
reerystallized out of 80°/, alcohol, and. the first crop of crystals dried 
gave a rotation.of — 25°47°. The highest rotation hitherto observed was 
— 259 (Hesse)*, and our preparation was therefore 98 */, pure lavo- 
hyoscine. Racemic hyoscine hydrobromate was. prepared by Gadamer’s® 
method, and recrystallized repeatedly. It was quite devoid of rotation. 
These two preparations were compared in our experiments, fresh solu- 
tions being made every day.to preclude the possibility of decomposition. 
The action of hyoscine or has been 


— 


Journal of the Chemical Society, uxxxt. Part ii. p. 1409. 1902, 
Lewvorotary hyoscine has been called scopolamine by Schmidt; and racemic 
atroscine by Hesse, but hyoscine ought to have the preference over scopolamine from 
3 See E, Schmidt, Arch. der Pharm. coxxxvi. p. 71. 1898. 

4 See Hesse, Ber. d. Deutsch. chem. Geselisch. we 1782, 1896. 
5 Journ. f. prakt. Chem. uxtv. p. 853. 1901. — 
6 Arch. der Pharm. coxxxtx. p. 294, 1901. 
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number of writers’ who agree in regard to most of the changes observed. 
Our attention has been directed only to certain limited points in the 
action, and we need only refer to the literature of the subject when our 
results bear upon disputed questions, The first point we investigated 


was the influence of the alkaloids on salivary secretion, and the method — 


was the same as that employed in the case of atropine and the hyoscya- 


_ mines. The same dog with permanent salivary fistula was used and 


the experiments consisted in injecting one or other hyoscine, observing 
its effect for 30 minutes and then injecting 5 mg. pilocarpine and 


_ measuring the saliva secreted every 5 minutes for about an hour. The 
saliva was collected on pledgets of cotton-wool for each 5 minutes and 


weighed. L-hyoscine and r-hyoscine were injected on alternate days. 


It was found that 0°05 mg. |-hyoscine was sufficient to arrest the 


secretion when the dog was lying still, and that 0°1 mg. r-hyoscine 
had an equal effect. Sometimes the secretion ceased after 0°05 mg. 
r-hyoscine, but in other experiments this was insufficient. The effects 
of the injeétion of 5 mg. pilocarpine hydrochlorate 30 minutes after the 
hyoseine injection are given graphically in Figs. 1 and 2, in which 


the numbers along the abscissa indicate the time after the pilocarpine | 


injection, while the numbers along the ordinate give the number of 
decigrammes of saliva secreted per minute. In one experiment, 
marked I, pilocarpine was injected alone as a control. The doses of 


“= 


02 
10 
Fig. 1. 


1 See De Stella. Arch. de Pharmacodyn. m1. p. 381, 1892, Kochmann. Arch. 
internat. de Pharmacodyn. et de Therap. xu. p. 99. 1903. 
PH. XXXII. 33 
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hydrobromate (Fig. 1) were 0°05 (II), 0-1 (IID), 


(IV) mg.; those of r-hyoscine hydrobromate (Fig. 2) were 0°05 (II), 
01 (III), and 02 (IV) mg. 

In Fig. 2 it is shown that 0°05 mg. r-hyoscine had no antagonistic 
effect to pilocarpine : 0'1 mg. reduced the salivary secretion to. about one- 
half, while after 0°2 mg. it scarcely exceeded the normal amount with- 


g LAM 


AL 
300s 40 
Fig. 2. 


out pilocarpine. In Fig. 1, 0°05 mg. l-hyoscine has about the same 
effect as mg. r-hyoscine, and 0°1 mg. l-hyoscine as 0°2 r-hyoscine, 
while after 0°2 mg. I-hyoscine there was practically no secretion for 
about 45 minutes. Another series of experiments gave similar results. 
The lxvorotary hyoscine thus acts about twice as powerfully on the 
salivary secretion as the racemic form. One injection of atropine 
hydrobromate was interpolated in this series, when it was found that 
atropine has approximately the same power of antagonizing pilocarpine 
as r-hyoscine. In comparing these results with those given in the 
former paper, it is to be noted that the doses there given are those of 
the base, while in this series we have calculated them as the hydro-— 
bromate. 

The relative activity of the two hyoscines on the inhibitory fibres of 
the heart was tested by injecting them hypodermically in a. medium- 
sized’ dog, and counting the heart-beats. At intervals inhibition was 
induced by holding a piece of cotton soaked in ether to the nostrils. 
The normal pulse-rate of this dog was 80—90 per minute. When 


~ 
aX 
ag 
4 
| :00 
33 | 
— 
B 
3 
/ \ | 
0-4 
| 
3 
. 
y, 
| 
0-2 
4 
f 
by 
A 
% 
3 
ayy 
j 


Si. 


ACTION OF HYOSCINES.. .. 505 


inhibition was completely paralysed by a large dose of atropine the rate 
was about 180. After small doses the rate often rose to 110—120, but 
distinct’ slowing could be made out when ether was approached to the 
nose. The pulse was generally rather slower at first after the injection, 
as has been noted by most previous investigators, who have ascribed it 
to preliminary stimulation of the inhibitory apparatus. This slowing 
was generally more marked after small doses than after larger ones, 
which tended to paralyse the inhibition very soon. 02 mg. |-hyoscine 
hydrobromate had no effect on the pulse-rate, 0°45 mg. caused distinct 
acceleration, but no complete failure of inhibition, while after 0°7 mg. the 
application of ether to the nostrils had no effect on the rate. R-hyoscine 
hydrobromate 0:5 mg. quickened the heart very slightly, if at all, while 
the acceleration was marked after 1:0 mg. but 1°2 mg. was required 
to completely paralyse the inhibition. The estimations could not be — 
made so exactly as in the case of the salivary secretion, but the general 
result was the same, that the lwvorotary form was about twice as active 
as the racemic variety. 

These results indicate that the two active hyoscines bear the same 
relation to each other as the two hyoscyamines; 1.¢. the levorotary 
alkaloid is intensely poisonous to the terminations of certain peripheral 
neurons, while the dex trorotary is almost or entirely devoid of effect on 
them. The racemic form owes its pharmacological action on these termina- 
tions to the presence of the lzvorotary variety, and in the tissues and in 
solutions in general must be dissociated into its two optically active 
components. 

The terminations of these neurons thus differentiate between the two 
optical isomers, reacting to the levorotary much more strongly than to 
that of the opposite sign. A similar elective affinity for one of two 
optical isomers is shown by some pure chemical substances which are 
themselves optically active, as for example when dextro-tartaric acid 
crystallizes more readily with d-coniine than with l-coniine’. Analogy 
would suggest the presence in the nerve ends of some optically active 
substance of an acid nature which exhibits a similar preference for the 
levorotary bases, or which perhaps may deposit dextrorotary bases 1 in a 
non-poisonous form. 

The general action of the two alkaloids was examined first in frogs, 
two not differing more than 2 g. in weight being used: in each ex- 
periment; I-hyoscine hydrobromate was injeoted into the abdominal 


1 A list of these reactions is given by Landolt, Das optische Drehungsvermigen, 
p. 61. 1898. 
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lymph ‘sae of one, and an equal amount of r-hydscine hydrobromate into 
that,of theother. The effects induced by the two alkaloids proved to 
be identical, no such differences being noted as in the case of Lem 
and atropine. No distinct action was induced in 25g. frogs by the 
injection of 5mg.; after 10mg. the frog sat still and made few 
spontaneous movements, but when touched hopped normally at first. 
In about 10 minutes after the injection a certain clumsiness in the 
movements became apparent, the’ frog alighting more flatly and the head 
_ swaying forward. This became more marked when the leaps were 
repeated, and often the animal crawled away instead of leaping. It 
recovered its normal posture when put on its back although with some 
difficulty, and this became very evident when it was put in this abnormal 
position repeatedly. After.two or three hours the effect of the drug 
began to'pass off and in less than twenty-four hours recovery was 
complete. No distinct increase in the reflex irritability and no loss of 
sensation could be made out at any time. After 20 mgs. the symptoms 
were the same in kind but more marked. The frog lay stretched out 
and could no longér hop on irritation but could crawl at first, In a — 
short time it could no longer craw! although it made efforts to do so. 
When put on its back at this stage the frog always struggled to return 
to its normal ‘posture, but often failed to do so and invariably failed the 
second or third time. The animal drew away its foot when pinched or 
touched with acid, but the movements were much less energetic than in 
anormal frog. Very often the movement. was accompanied or followed 
by coarse tremors, When the lumbar plexus was stimulated with rapid _ 
induced electric shocks the legs were shot out as in a normal frog, but * 
no complete muscular tetanus was elicited, but a series of rapid con- 
tractions and relaxations. The muscles. gave the normal tetanus on 
direct stimulation. The recovery was complete within 24 hours, 

' 30-40 mgs. injected into the lymph sac induced more marked 
manifestations of the same kind, and the recovery was complete in 24 
hours, and in fact appeared almoat complete within 12 hours in some 
instances. 

These symptoms appear to be due to action on the terminations of 
the motor nerves in the voluntary muscles, and the usual Claude 
Bernard experiment showed that these were affected in the same way 
as by curara. Complete paralysis of the nerve ends was not elicited even 
by the largest doses employed (40 mgs. in 25g. frogs), the hyoscines in 
this respect resembling a number of other alkaloids such as atropine, 
hyoscyamine and gelseminine. This imperfect paralysis of the nerve 
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ends is always marked by tremor and clumsiness accompanying muscular 
movements, and these are obviously due to the failure of a certain 
number of impulses to reach the muscles, and consequently imperfect 
coordination. Not infrequently these tremulous movements simulate 
_ convulsions, and in fact they have in some cases been ascribed to some 
central action. This peripheral action is always accompanied by a 
certain degree of inactivity and sometimes by the complete failure of 
spontaneous movements, and this has also been stated to indicate 
depression of the central nervous system. But exactly the same absence 
of spontaneous movements may be seen after the injection of quantities 
of curara too small to elicit complete paralysis of the nerve terminations. — 
We. have lovuked with care for evidence of central action from hyoscine 
- because of its well-known hypnotic action in man, and also because 
Kochmann states that the general paralysis elicited by scopolamine 
is due to central action. We. were unable to find any evidence of the 
central nervous system being affected in any way by either of the 
hyoscines examined. It is true that it is difficult to determine this 
point in the presence of the marked peripheral action. But we could 
elicit immediate reflex movement by pinching or touching with dilute 
acid at all stages, and some effort, however futile, was always made to 
return from the back position. The complete central paralysis described 
by Kochmann was certainly not present in our frogs, while the 
peripheral paralysis which was the only striking feature in our experi- 
ments is not recorded by him, though De Stella noted it in his work. 
Sohrt’ on the other hand observed no changes in the motor functions 
after 60 mgs. Wood’s* description of the symptoms in frogs corre- 
sponds in almost every detail with those in our experiments, but we 
consider that his inference that hyoscine acts on the frog as a motor 
spinal depressant is erroneous. The discrepancies in these observations 
may perhaps be explained by different species of frogs having been 
employed, the Rana temporaria and esculenta used by European 
observers showing distinct effects on the spinal cord, while the Rana 
virescens and catesbiana employed by us, and presumably by Wood, 
exhibit only symptoms of peripheral action. The cardiac action also 
seems to have been much more marked in the experiments of 
Kochmann than in those of Wood and ourselves. 
In mammals the lethal dose of hyoscine is very large, though symptoms 
af cerebral action are induced by smaller quantities and are obtained in 


1 Pharmacoth tisch Studien iiber das Hyoscin., Inaug. Diss. 


Therapeutic Gazette, pei. 1885. 
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man after fractions of a milligramme. We have made a number of 
experiments on white mice to find whether the levorotary and the 
racemic base were equally poisonous. 10—15 mgs. of either base proved 
fatal when injected hypodermically into small mice (about 10 g. weight) 


and no definite difference could be made out in the onset of symptoms | 


or in their character and duration. The features observed in mice 
under hyoscine have been described by Wood, and we have uothing 
essential to add to his account. A certain amount of depression ‘was 
present, as shown by lessened spontaneous movements and imperfect 
coordination, but this was accompanied at first by occasional sudden 
jerks and later by well-marked clonic convulsions. The intervals 
between these became ‘shorter and the spasms became more severe for 


some time. Then the intervals of rest became longer and the respiration — 


was very slow and laboured and finally disappeared. Larger doses (up 
to 40 mgs.) induced the same symptoms in a more acute form. 
Quantities which were too small to cause convulsions (5 mgs.) were 
followed by no very distinct effects except perhaps some decrease in 
spontaneous movement, which was not sufficiently regular in its appear- 
ance to justify us in stating that a true narcotic action was present. _ 


- The two bases thus appear to act equally strongly on the nervous — 


systems in frogs and the lower mammals, and the symptoms induced are 
identical. In this the hyoscines offer a contrast to atropine and hyos- 
cyamine, for in the frog atropine stimulates the spinal cord much more 
powerfully than hyoscyamine. We would suggest as a possible explana- 


tion of the failure of the corresponding racemic hyoscine to stimulate 


the cord the fact that this alkaloid is excreted too rapidly. The marked 
change in the reflex excitability under atropine occurs only twelve 
hours or more after the injection of the drug. At this time the hyoscine 
whether levorotary or racemic is in large part excreted. It seems 


probable therefore that the failure of racemic hyoscine to influence the 


reflex irritability of the frog in the same way as atropine is to be 
attributed to its shorter gtay in the body, rather than to any essential 
_ difference in its relation to the nervous tissues. 

In these experiments no unquestionable evidence of a depressant 
action on the central nervous system was obtained, and in order to 
determine whether the natural base and the racemic form were equally 
available as hypnotics a number of trials of their usefulness for this 
purpose were made in the Michigan Asylum for insane at Kalamazoo. 
The harmlessness of small doses of both alkaloids was first ascertained 


on ourselves, and then a number of tablets-each containing 0°6 mg. of — 
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l-hyoscine or r-hyoscine hydrobromate were used as hypnotics in the 

wards of Drs Richards and Light under the general supervision of 
Dr W. M. Edwards. We are much indebted to these physicians for the 
results recorded by them. Instead of hyoscine, a certain number of — 


tablets contained 0°6 mg. of hyoscyamine hydrobromate, as its usefulness — 


as a hypnotic has not yet been determined. In all, ten patients were 
treated with the tablets. 

_ Asa general rule a tablet was given on each nieenaae evening, and 
the duration of sleep and other features noted and compared with those 
of the intervening control night on which no hypnotic was given. 
Hyoscyamine was thus used on three occasions, and then racemic 
hyoscine, and then levo-hyoscine. Then a tablet. was given each 
evening for a week or more, the different alkaloids following each other 
in succession. The results may be given shortly in tabular form, details 
me? reserved for publication elsewhere. 


ontrols 0-6 mg. L- Hyoscyamine | mp. 1-Hyoecine mg. 

No.of Average No.of Average Increase No.of Average oo No. of “Average i inevense 
of o hoursof over obser- hours of obser- hours over 

Patient vations sleep controls vations 

1 9 06 6 07 6 2°5 19 6 1% 
2 9 3°0 6 14 -1% 6 3°8 08 6 44 1:4 
8 8 47 6 45 -02 6 58 11 6 47 00 
4 9 3 43 -12 8 8 48 -07 
5 9 61 8 61 -O1 3 6°7 
6 8 3°2 4 6°6 8°4 38 76 4°4 3 83 
7 8 2°5 8 6°2 8°7 3 80 5°5 3 82 57 
8 7 2°8 6 3°6 0°8 6 4°4 1% 5 1°5 
9 8 1*l 5 11 0°0 6 5°7 46 5 568 47 
10 9 2°9 5 49 20 5. 63 8°4 6 64 38% 
ll — 2 63 — 2 2 


From these results it is evident that hyoscyamine is of no value in | 
the dose given as a hypnotic, while the levorotary and racemic forms 


of hyoscine have about the same influence in inducing sleep. In one 


or two cases the patient complained of thirst or dryness of the mouth. 
The pulse generally became slower, and slight dilation of the pupil 
appeared in some instances from each of the drags. In other cases 
acceleration of the pulse was noted. It may be questioned whether 
these changes in the pulse and pupil were direct effects of the drug or 
merely accompanied 
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-SuMMARY. 


“1. Laevo-hyoscine acts twice as strongly as the racemic base on the 
terminations of the secretory nerves in the salivary glands and of the 
inhibitory fibres in the heart. It may be inferred that a similar ratio | 
holds in other analogous terminations. 

2, Leevo-hyoscine and racemic hyoscine have the same effect on 
the central nervous system in man and mammals, and on the termina- 
tions of the motor nerves in the frog, in which they do not seem to 
affect the central nervous system. : 

3. From this it would appear that as in the case of the ealibai 
the dextrorotary hyoscine is practically inactive on the terminations of 
the secretory and cardiac inhibitory terminations, while it acts equally 
strongly with the levorotary base on the central nervous system in 
mammals and on the motor nerve ends in frogs) On the other hand 
dextro-hyoscine differs from dextro-hyoscyamine in not stimulating the 
spinal cord in the frog, but this may be due to its being very sae 
excreted. 
Hyoscyamine i is practically devoid of action in man, 

when given in doses which do not affect the peripheral organs. 


_ GAMBRIDGE: PRINTED BY JOHN CLAY, M:A, AT THE UNIVERSITY PRESS. 
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Alcoholic Ferment of Yeast-Juice. By AnTHuR HARDEN 
and W. J. Youna. 


(From the Laster Institute of Preventive Medicine.) 


The alcoholic fermentation of glucose by yeast-juice is greatly 
increased by the addition of yeast-juice, which has been boiled and 
filtered, either when fresh or after undergoing autolysis, although this 
boiled liquid is itself incapable of setting up fermentation. Thus, the 
total fermentation produced by 25 cc. of yeast-juice acting on 2°5 grms. 
of glucose is, on the average, doubled by the addition of an equal 
volume of the boiled juice and increases to a maximum when 3—5 
volumes are added, after which it decreases. 

The rapid loss of fermentative power, which is a characteristic 
property of yeast-juice, has been attributed to the destruction of the 
alcoholic ferment, or zymase, by the active proteolytic enzyme 
(endotryptase) which is also present. The increase caused by the 
addition of the boiled juice might therefore be due either to an actual 
increase in the activity of the alcoholic ferment, or to a decrease in the 
activity of the proteolytic ferment, or to both these effects. The results 
obtained by us point to the fact that the main effect of the addition is 
to increase the activity of the alcoholic ferment, whilst variation in the 
activity of the proteolytic ferment only plays a subordinate part. 

The constituent of the boiled and filtered juice to which this effect 
is due has not yet been isolated, but it is characterised by the following 
properties, which are similar to those of the substances described by 
previous observers as co-ferments. It is not affected when its aqueous 
solution is boiled, it is dialysable, and it is precipitated by 75°/, 


- alcohol, 


The proof that the alcoholic fermentation produced by yeast-juice 
depends on the presence of this substance and cannot take place in its 
absence has been brought by the use of Martin’s gelatine filter. When 
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yeast-juice is passed through such a filter and the residue which is left 
on the filter is dissolved in water, it is found that neither this residue 
nor the filtrate can by itself ferment sugar but that a mixture of these 
two produces a fermentation almost equal to that of the original 
juice. 

The proteolytic enzyme on the other hand does not appear to 
possess a dialysable co-ferment, since the residue by itself readily 
undergoes autolysis in solution, and the extent of this is not materially 
altered by the addition of the filtrate. | 

Further experiments are in progress. — 


The Measurement of Percentages of Chloroform Vapour by 


a Tonometric Method. By B. J, CoLLINcwoop. 
(Preliminary Communication.) 


The densimetric method of estimating chloroform vapour in gaseous 
mixtures is difficult of application in cases where carbon dioxide is 
present in unknown quantity. It is to meet this difficulty that the 
following apparatus was designed. It consists of two air-tight cylinders 
(H', H) one of these serving as a control containing air only; into each 


| 


| 


F 
of these cylinders four tubes open. Three of these tubes are closed by 
well-fitting clamps (A, B,C, D), the central tube being provided with 
two clamps as shewn in the diagram. The fourth tube is in connection 
with a manometer, the two arms of which are connected below by 
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rubber tubing (F). Both the cylinders are in the same water-bath 
so that they may be kept at the same temperature. 
In making an estimation, the mixture to be tested is passed through 


_ eylinder H, in sufficient quantity to entirely replace the air by the 


mixture. All the clamps in both cylinders are then closed with the 
exception of B’ and B. A small amount of chloroform is then run in 
above clamps C’ and 0, this chloroform does not reach the cylinders 
owing to clamps C’ and C being closed. Clamps B’ and B are then 
closed, and clamps C’ and C opened. In this way the chloroform is 
allowed to enter the cylinders. Vaporisation then occurs, and the 
water or mercury rises in the arms EH’ and EF of the manometers. 
These arms are then raised so as to keep the levels @’ and G at the 
same points as they were at the beginning of the experiment. When 
the manometers cease to change their levels the difference between the 
levels in #’ and £ is observed, this difference being proportional to the — 
percentage of chloroform vapour originally present in the mixture. 

Suppose that at the temperature of the water-bath the tension of 
chloroform vapour is 100 mm. of Hg, then the Hg in manometer LH’ 
will rise 100 mm., supposing that the level G’ is kept constant. _ Suppose 
that the cylinder H contained 1°/, of chloroform vapour and that 
atmospheric pressure were 760 mm. of Hg, then cylinder H would 
contain already chloroform at a pressure of 7°6 mm. of Hg. Therefore 
the Hg in manometer tube will rise to a height 7°6 lower than in 
manometer EZ’. That is to say that if Hg be used, 7°6 mm. of Hg will 
correspond to 1°/, of chloroform. If water be used, a very much more 
extended scale will be given. 

The experiments conducted by this apparatus have already shewn 
very encouraging results. In one parallel estimation by this method 
and the densimetric method the figures were as follows : 

By densimetry oe ... 2°/, of chloroform. 
By tonometry eve 196 9/, of chloroform. 

It has also been shewn that the presence of carbon dioxide does not 

in any way affect the results. | 


The Estimation of Chloroform Vapour in Air. 
By A. G. Levy, M.D. | 
It having been suggested to me that a comparison between the 
densimetric method! and Mr Vernon Harcourt’s combustion 


1 Waller and Geets. Brit. Med. Jon. Jina 80th, 1903. Waller and Colling- 
wood, Proc. Physiol. Soc., Dec, 1903. 
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method! would .be of interest, I carried out a comparison in the fol- 
lowing way. | 

A densimeter bulb and a combustion flask were placed in parallel 
and were connected on: the one side by means of a Y-tube to a thin 
glass Wolff bottle containing a measured quantity of chloroform, and on 
the other side were similarly connected to the nozzle of a suction pump 
which was worked at a constant rate by an electric motor. The Wolff 
bottle was surrounded by a water-jacket which was maintained at a 
uniform temperature, and which served to control the cooling of the 
chloroform from evaporation. A thermometer immersed in the 
chloroform indicated when its temperature had fallen to a constant 
point, and in this way provision was made for flushing out both bulb 
and flask simultaneously with an atmosphere of uniform composition. 

The only deviation from the described methods was the adaptation of 
glass stopcocks to the densimeter bulb. 

Three pairs of estimations were carried out (A, B, and C), and in 
order to test the constancy of the vapour evolved, two further observa- 
tions (D and E) were made with densimeter bulbs in parallel. 

All the estimations are expressed in percentages of volume of 
vapour. 


A. _ 1°60 1°49 
B. 161 1°57 
C 1°78 1°67 


I append four further sets of observations in which the estimations 
were not made in pairs but singly, and in.the successions shown by 
the indices. The test vapour was of a different strength in each series. 


Densimetric Combustion Densimetric Combustion 
Series I. 1°66 1°65 Series II, 0°76 (8) 0°79 
(3) 1°64 1°62 0-77 0°72 
Series III. 0°96 0°91 Series IV. 1°41 1°40 
0°96 8) 0-86 (2) 1-38 1°38 
1-02 (%) 0-92 


Trans. Chem. Soc, 1899,. 
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The effect of periodic interruptions upon sound-waves. 
By C. S. Myers. 


It is well known that, if the tone n, issuing from a siren, be inter- 
rupted m times per second by appropriate occlusion of the holes of the 
rotating disc, the tones n+ m and n—™m are heard in addition to the 
tone n. These are called variation-tones and may be strengthened by 
appropriate resonators. Each of such periodic interruptions of an» 
escaping sound-wave must lead to secondary air-movements: it has, 


‘in fact, the effect of a periodic disturbance. 


Now periodic disturbances are the determinants of the production 
of objective combination-tones, where m is no longer a mere interruption . 
but a sound-wave with a periodicity different from that of n. A reciprocal 
disturbance is thus set up between m and n, generating the well-known 
summation- and difference-tones. 

The usually accepted view, regarding the causation of objective 
combination-tones, is that they arise when the displacement of the 
vibrating particles is so great as to become sensibly disproportionate to 
the forces which restore this displacement. Were this the case, loud 
tones should be necessary for the hearing of combination-tones ; whereas 
actually this is not at all so. The explanation here advanced does not 
involve this objection. Moreover it shows distinctly why the same 
confined mass of air must produce the primary tones in order that the 
resulting combination-tones may be objectively generated. 

On similar grounds may be deduced the first overtone which is 
present in the sound of the tuning fork and cannot be derived from the 
mode of vibration of the fork itself. A fork vibrating n times a second 
transmits these vibrations to the air, but in so doing actually displaces 
the air in its immediate neighbourhood. This gives rise to n secondary 
disturbances of the air per second and so to the overtone (n +) = 2n, 
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- Basophil granules in nerve fibres. By J. g, MACDONALD. 


In continuation of my former attempts to study the distribution 
of electrolytes in nerve fibres and the redistribution occasioning the 
electrical phenomena of nerve, I have started an examination of nerve 
fibres teased in varied concentrations of solutions of asi lan —— 
with dyes. 

(A) Nerve fibres teased in “normal saline” tinged with neutral red 
may in a short time be found to contain deeply stained red granules in 
three situations, (a) at one or both cut ends, (b) at some of the nodes 
of Ranvier, (c) at points'in the course of the nerve fibre which have 
‘been injured in the process of “ teasing.” Not all the cut ends are thus 
affected, and, in those which are, a distinction has frequently to be made 
between the distribution of granules in the immediate vicinity (5—20,) 
of the starting point, and the remaining portion of the axis-cylinder 
subsequently affected. In the first region the granules are more 
regularly distributed, are more minute, are sometimes seen arranged 
upon a yellowish stained core, and are sometimes seen to be separated 
from the second region by a space containing granules even more 
minute. The second region characterised by large irregularly arranged, 
deeply stained red granules varying in size and shape may extend in 
time over considerable stretches of the axis-cylinder (200—500y). In 
_ this region the granules have an appearance of having floated in from 
_ the injured point; as a matter of fact they are stationary, new granules 
developing in positions ahead of those last formed. Each granule is 
seen first as a minute dark speck, which gradually increases in size, 
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appearing to acquire its colour as it does so. The method of growth 
betrays the new formation of the granule, and perhaps the gradual 
acquisition of its stain. 

These appearances are also seen when the neutral red is presented 
to the nerve in solution in distilled water, and in water containing 
varied amounts of NaCl, KCl, NH,Cl, CaCl,. The extent of the 
portion of axis-cylinder involved in a given time depends upon the 


concentration of the solutions used in very much the same way as does 


the value of the “Injury Current.” The advance in each case is 


uniform, varying directly with the time. In fact the granules 


have the appearance of being caused by the progressive movement of 
an ion along the axis-cylinder under the influence of the Injury Current, 
and may probably be accepted as an index of the latter phenomenon 
as it affects individual nerve fibres. The rate of progression in normal 
saline nerve is 0°17 x 10-* centimetres per second; in nerve teased in 
normal saline diluted with its own volume of water it is 0°30 x 10-* cm. 

per second approximately. In solutions of KCl etc. the rate is 
approximately the same. Considering the value of the Injury Current 
the velocity of transit is comparable to known ionic velocities. These 
granules represent the effects of the Injury Current, it is possible that 
the changes er in the first region of the nerve may represent its 
cause. 

' (B) The appearances sciatica by nerves teased in solutions of 
toluidin blue are more complex and probably even more interesting. 
The complexity is not beyond solution, since I have already found that 
definite variation in the conditions, such as the sealing of the prepara- 
tions with oil, or in contrast the retention of unsealed preparations in 


a moist chamber, may definitely affect the type of result obtained. One 


most interesting type of these results is the presence of oval granules 
distributed with considerable uniformity, 4, sometimes 10 deep, over very 
considerable stretches of the nerve fibres. I have traced granules 
disposed in this manner over stretches longer than 2000u, and have 
found them begin, continue, and end, without observing any relation to 
injured points. The appearances observed by Bethe as the consequence 
of the action of polarising currents and of prolonged activity are 
suggestive of the opinion that this appearance may represent a “state ” 
of the nerve fibre fixed by the dye during its period of occurrence. 
. Accepting these appearances as indicative of varying “state,” some one 
or other of them must represent the “ Action Current.” It is conceivable 
the one which I have described may do so. 
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All these granules are fixed, or are at least left in position, after 
fixation with ammonium picrate. 

(C) As control experiments I have teased in normal saline the 
nerves of frogs to which a dose of neutral red had been administered 
by way of the dorsal lymph-sac. In a few of the nerve fibres so obtained 
I have noted the presence of minute rod-shaped pink granules occurring 


in rows in the central portion of the axis-cylinder space. 


Excised nerves have also been placed in solutions of neutral red for 
periods of over twelve hours and then removed; portions cut out from 
places distant from “sections” have been found to contain granules 
unlike those previously described. These granules are spherical, 
arranged sometimes in short rows, yellowish in colour and therefore 
alkaline. They are only distinguishable from the exactly similar 
granules seen in the protoplasm surrounding the nuclei of the nerves, 
and in other situations beneath the neurilemma, by the fact that some 
of them can be focussed within the mid-plane of the axis-cylinder. __ 

(D) In none of these preparations have I so far succeeded in 
obtaining the appearance of continuously stained fibrils, except after 
fixation with ammonium picrate. Two somewhat related appearances 
have been noted, (a) the occurrence of “bacillar” granules, (b) the 
apparently homogeneous “coagulum” sometimes formed as an irregu- 
larly bent rope in the axis-cylinder space, even in preparations teased in 
“normal saline,” which sometimes — a fibrillar appearance _— 
fixation. 


The process of regeneration in an afferent nerve. By HENRY 
Heap and C. E. Ham. 

(Preliminary Communication.) 

In the early part of last year’ we described the condition of a sensory 
nerve which had remained completely isolated from the central nervous 
system for varying periods up to 249 days. In adult cats the radial 
nerve was completely separated from the nervous system above and 
from its peripheral connections below. If precautions are taken to 
prevent union with other nerve twigs the nerve falls back into a 
resting condition after degeneration is completed. In this stage it 
consists of spindle-shaped fibres with an elongated nucleus described 
by Ranvier, Howell and Huber and many other observers. We 
are now able to demonstrate that, if strict precautions are taken against 


? Proe. Physiol. Soc. Jan. 17, 1903, this Journal, xxix. 
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union with other trunks, the radial nerve of the adult cat will still 
be found in this resting stage 540 days after division. A nerve that 


had been completely divided in a human being for 2 years and 6 months — 


was found to be in a similar condition. 
If, however, this isolated peripheral portion of a nerve is sajured, or 


if its blood supply has been materially interrupted, it disappears entirely, 


removed by leucocytes, exactly as if it were a foreign body. 

Tf a nerve in this resting stage be united to the central nervous 
system, it becomes at last completely restored.. At first, we attempted 
to unite the peripheral end of the radial, which had been separated 
completely for over two months, to the central end of the same nerve. 
But, in order to ensure that the central end could not grow down and 
unite with the peripheral portion, we were in the habit of turning it 
up under the pectoralis, ligaturing the cut end and sewing it under 
the body of the muscle ; this caused the central end to become bound 


down and knotted up in fibrous tissue. When we attempted to recover 


it and draw it down for suture, it was so bound together as to be 
- materially shortened ; at the same time the peripheral end, made up 
entirely of sbindloshaped protoplasmic [neuroplastic] fibres, was so 
soft that no stitch would hold, unless the suture was entirely without 
tension. 

In all our experiments during the last 18 months, we have therefore 
tied down the peripheral end of the radial, and, when the moment for 
union had arrived, we united this completely isolated nerve to the 
central stump of the normal median. By this means the resting 
peripheral portion of the radial was united ‘to the central end of the 
freshly divided median nerve; such union can be made entirely without 
tension. 


If fine catgut is used, union may be so perfect that, when the nerve 


is subsequently removed, it is impossible to say where the median ends 
and the radial begins. 

Very shortly after such union the ssid cells begin to 
lengthen, and form definite non-medullated fibres without an axis- 
cylinder; in this stage they closely resemble the fibres of a non- 
medullated sympathetic nerve. 

Twenty-eight days after union these fibres have neither medulla 
nor axis-cylinder ; yet they conduct mechanical and electrical stimuli 
towards the centre. This can be shown in the fully anwsthetised 
animal by the effect produced on the blood-pressure. 

Fifty-eight days after union the nerve is found to contain well-formed 
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fibres varying considerably in size (from 4-6 in optical diameter) 
which, by Weigert’s method, can be seen to possess a definite medullary 
sheath. Stained with Stroebe’s blue, such fibres are found to contain 
a distinct axis-cylinder. 

‘These fibres increase until, by about 88 days after union, the 
nerve no longer contains non-medullated fibres in any considerable 
number. When teased, it gives the impression of a normal nerve. 
But although the fibres are well formed, well medullated and contain 
a perfect axis-cylinder, none exceed about 8 yu in optical diameter. 

In transverse sections, even up. to 200 days, the bundles are seen 
to contain normally formed fibres of small size between which are 
considerable gaps. These fibres are distributed uniformly throughout 
the area of the nerve bundle but the amount of intervening tissue is 
very considerable. 

By about 250 days a change has begun to come over the contents 

of these nerve bundles; they have begun to lose this empty appearance. 
Among the fibres are now seen some of larger size varying from 9-15 uw 
but usually about 10-12, in optical diameter. These fibres stain 
somewhat differently by Weigert’s method from their smaller com- 
panions. The medulla is denser and of greater amount; the nodes 
of Ranvier are well-defined and of the typical form. 
If the point of union of the two nerves is bulbous, even although the 
two ends are in apposition, the stages of complete ‘restitution may be 
considerably prolonged: 300 days after union we have seen a nerve 
containing smaller fibres only, and showing on transverse section wide 
gaps as yet unfilled. 

In conclusion, we believe, that after reunion with the ahi nervous 
system, an afferent nerve, which has been completely isolated for more 
than four weeks passes through three stages on its way towards complete 
restitution. 

(1) The elongated aE ee cells, which make up the nerve in 
its resting stage, grow rapidly to form fibres closely resembling those 
of the non-medullated sympathetic. A nerve in this condition is 
capable of conducting afferent — four weeks after union with 
the normal median. 

(2) Within 58 days of union these non-medullated nerves become 
_medullated and at the same time produce an axis-cylinder. The large 

majority are medullated at 88 days but even 200 days after union the 
nerve may still consist of well-formed, well-medullated fibres of small 
size only (less than 8 ,). | 
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- (8) ‘Larger fibres first make their appearance about 250 days after 
union. These larger fibres have well formed nodes of Ranvier and 
a bulky medulla, staining deeply by Weigert’s method ; they vary 
‘from 9-15 p in optical diameter. 


Reduced acid hematin and some of its derivatives. (Demon- 
stration.) By J. A. MiLRoy. 


Although the spectroscopic and chemical characters of reduced 
hematin in alkaline solution have been well known for a considerable 
time, the references in the literature of the subject to reduced hematin 
in acid solution are few in number. The reason for this appears to be 
that reduced acid hematin is so readily convertible into hamatoporphyrin 
that difficulties have been met with in obtaining it free from the latter 
substance. 


Hoppe-Seyler? states that “if a hemoglobin solution be decomposed 


by means of dilute acid into proteid and hemochromogen in the 
presence of oxygen, hematin is likewise formed, while, in the absence of 
oxygen, the first formed pigment (hemochromogen) rapidly undergoes 
decomposition into a less sensitive colouring matter, hematoporphyrin, 
ferrous salts being simultaneously formed. Solutions containing hemo- 
chromogen in acid solution absorb in least degree the red and orange of 
the spectrum, thereafter the green blue, while between these regions 
‘from D to E lies a broad datker area.” I have not been able to find any 
further description of acid hemochromogen in any of Hoppe-Seyler’s 
published papers. He* mentions that by decomposing hemoglobin with 
acid alcohol in an atmosphere of hydrogen he obtained a red precipitate. 
On heating, the precipitate became decolorised and the fluid acquired 
a purple-red colour. Spectroscopic examination of this solution revealed 
four absorption bands. The exact position of these is not stated; but 
they appear to be due to a mixture of acid hematin with hematopor- 
-phyrin. This view was afterwards suggested by Jiderholm*. Recently 
Laidlaw‘ has also shown how readily reduced hemoglobin is decom- 
posed by even dilute mineral acids into heematoporphyrin and globin. 
In attempting to obtain reduced acid hematin it is therefore 
necessary to use very feeble reducing agents and to carry out the 


1 Hoppe-Seyler. Physiologische Chemie, 1877—1881, pp. 394-5. 
* Hoppe-Seyler. Medizin. Chem. Untersuchungen, pp. 523—550, 
8 Jéderholm. Zeitschr. J. Biologie, xm. p. 193. 

Laidlaw. Journal of Physiology, xxx. p. 464, 
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reduction in the cold. If a small quantity of zinc dust be added to 
a solution of hematin in glacial acetic acid the lower layers of the 
solution acquire a bright red colour; while the upper layers retain the 
brown colour of an acid hematin solution. On shaking up with air the 
solution again becomes brown. These results suggested’ the possibility 
that, in the first stage of the reduction by zinc dust plus acetic acid 
a pigment was formed which had a great affinity for oxygen, and 
which on oxidation appeared to be reconverted into acid hematin. 

The combination of glacial acetic acid with zinc dust is much too 
powerful a reducing agent, since even at room temperature hematopor- 
pbyrin is rapidly formed. It was therefore necessary to dilute the 
reducing mixture with some indifferent solvent. At first I used ether 


‘for this purpose, diluting the solution of hematin in glacial acetic acid 


with 7 vols. of ether. The air was displaced from the vessel containing 
this solution by means of a current of CO, and a trace of zinc dust 
added. The solution acquired a bright red colour and showed on 
spectroscopic examination the band which will be described later. Even 
this mixture forms too powerful a reducing agent as in the course of 
five days all the hemochromogen is converted into hematoporphyrin. 
The solution of the pigment plus the zinc dust may be left with safety 


_ in a closed vessel as there is no evolution of hydrogen. After twelve 


days the solution had become light yellow in colour and showed no 
absorption bands. On filtration and exposure to the air it acquired 
a red colour. On adding a drop of concentrated hydrochloric acid to 
this solution it was found to show two bands, 1593 to 584, a faintly 
shaded area from 2568 to 555 and a dark band 8 extending from 4555 
to 540. This spectrum corresponds closely with that of a dilute solution 
of acid heematoporphyrin. It appears therefore that this feeble reducing 
mixture is capable of not merely forming hamatoporphyrin from 


- hematin. but of reducing the latter to its chromogen. 


In my later experiments I have used a solution of hematin in 
alcohol containing ‘4 to ‘8 per cent. oxalic acid. The latter solution 
when mixed with zinc dust has the advantage of reducing more slowly 
than the acid ethereal one. In order to prevent reoxidation of the 
pigment it was found necessary to displace all the air from the solution 
of hematin by means of a current of hydrogen. After all the air had been 
displaced by hydrogen a small quantity of zinc dust was added to the 
alcoholic solution. The current of hydrogen was maintained during the 
reduction. The brown colour of the solution gradually changed to 
a bright red tint. In the course of half-an-hour the change in colour 
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appeared to be complete, and spectroscopic examination revealed one 
baad lying between D and E extending from 1580—A550. The darkest 
portion of the band lay from 4570—A550. After the solution had been 
filtered and shaken up with air it became brown and showed 4 absorp- 
tion bands «642—620, A(very faintly 588—570), yA550—530, 8515—490. 


This spectrum is apparently that of acid hematin. To confirm this the | 


solution was evaporated to dryness on the water-bath. Part of the residue 
dissolved in dilute ammonia showed on spectroscopic examination one 
faint band extending from 2600—A570 which evidently corresponds 
with that of alkali hematin. On the addition of a little Stokes solution 


two bands appeared, a570—550, 8540—520. Thea band was much the 


more intense and the spectrum was obviously that of alkaline hemo- 
- chromogen. Another portion of the residue was dissolved in alcohol 
containing hydrochloric acid (4 .c. concentrated hydrochloric acid plus 
96c.c. alcohol). The resulting red-brown solution showed 4 absorption 
bands, a652—630, 8590— 580, ~y560—540, 5520—490. These evidently 
correspond to the absorption bands of acid hematin displaced slightly 
towards the red end on account of the presence of the strong mineral 
acid. 
I next proceeded to ascertain whether reduced acid hematin were 


capable of uniting with carbon monoxide. The experiments were 


carried out in the same way as for the preparation of reduced acid 
hematin, a current of carbon monoxide being substituted for hydrogen. 
The solution rapidly acquired a bright red colour, and showed on 
spectroscopic examination two well-marked bands, a580—560, 
8545—523, the a band being much the more intense. The spectro- 
scopic characters remained unaltered after the solution had stood for 
58 hours. This solution after having been filtered and shaken up with 
air rapidly acquired a dark red-brown colour and showed the following 4 
absorption bands, a643—-620, @585—570 (very faint), y550—530, 
6515—490. The spectrum was evidently that of acid hematin. This 
view was confirmed by the preparation from it of alkaline hematin and 
hzemochromogen. 

A compound having very similar spectroscopic characters is also 
_ formed with nitric oxide. If it be shaken up with ferrous sulphate the 
nitric oxide is withdrawn from the hematin and on exposure to air ans 
spectrum of acid hematin reappears. 
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On the occurrence of inactive arginine. By E. P. Carucart. 


In a paper which I recently published on the products of “Urotryptic” 
digestion’, in discussing the diamino acids I left, owing to a certain 
degree of uncertainty, the subject of the arginine fraction for future 
consideration. The main cause of the uncertainty was the difficulty of 
isolation by means of the basic silver salt, as this compound refused to - 
crystallise out properly. Accordingly, after suitable preparation, the 
product of this fraction was reprecipitated with phosphotungstic acid, 
and then on neutralising the basic solution, obtained from the decom- 
position of the phosphotungstic precipitate, with nitric acid one obtained 
a fairly abundant yield of crystals, which on further examination proved 
to be the inactive modification of arginine. 


Analysis. 
02323 grm. subst. gave 0°1344 grm. H,O and 02636 grm. Co, 
H 
Found 30°95 °/, 6°47 °/, 


Calculated for C,H,,N,O,, HN O, 8034, 637°, 


There was no sharp melting point but decomposition began at 210°. 
Kutscher’® gives 211° as mp. The melting point of the ordinary 
active form as given by Gulewitsch?® is 175°. 

The substance yielded no very characteristic salts except the nitrate. 
I tried to obtain both silver salts corresponding to the two silver salts of 
the active form, that of arginine nitrate with copper, and the sulphate 
of the base. | 

Only once previously has this inactive form been isolated and that 
was by Kutscher‘ from a digestion of fibrin with pancreas (it may be 
mentioned that Kutscher has likewise obtained inactive arginine 
from the active by treatment with sulphuric acid). It is to be 
noted that in my research I also used fibrin, but whether this has 
any bearing on the question I am not yet in a position to say. 


1 Salkowski’s Festschrift, 1904. 

* Zeit. f. physiol. Chem. xxvii. p. 88. 
8 Zeit. f. physiol, Chem. xxvu. p. 189. 
4 Loe, cit. 


7 
Aan 

og 

ig 

AZ 
J 

RAN 

7 

of 

¢ 

$ 

> 

a 

INSTITUTE 

bat 

% 

=) 


Xvi PROCEEDINGS OF THE PHYSIOLOGICAL 


On the influence of a meat diet on the thyroid and para- 


thyroid glands’. By Watson, M.D., F.R.C.P.E. (Intro-: 


duced by Prof. ScHAFER.) 


In view of the results obtained from an investigation on the influence 
of araw meat diet on the thyroid and parathyroid glands in fowls it was 
deemed advisable to repeat the investigation with other animals, e.g. rats. 
Twelve animals were used for this experiment, with eight controls. 
Eleven of these were young subjects, their ages at the outset of the 


observations ranging from 6 to 12 weeks; the twelfth wasa full-grown | 


rat of unknown age. Except in the case of the adult rat, the control 
subjects were taken from the same litter as the animals placed on special 
diet. This diet consisted of raw minced ox-meat and water, as much meat 
being given as the animals would consume; the diet of the control cases 
consisted of bread and milk and occasionally porridge, also in unrestricted 
amount. The investigations lasted in some cases six weeks, in others 
four months, The results may be summarised. 

Clinical. For the first ten days or so all the rats on meat diet either 


lost. weight or failed to increase in weight like the control subjects. — 


Subsequently six of the meat-fed animals put on weight to an amount 
almost equal to that of the control subjects; in the remaining six animals 
the final record was considerably short of the figures for the bread and 


milk fed rats, Hg. in one experiment which lasted six weeks, the three — 


animals on the meat diet gained 14 grms.,15 grms. and 41 grms. respec- 
tively, as against 62 grms. in the case of the control. All the animals 
appeared in good health, with the exception of the adult rat which 
lost weight markedly and died in three weeks. 

Thyroid Gland. Macroscopic changes. In three cases there was a 
distinct increase in the size and weight of the glands, the glands in two 
instances weighing just double the weight of the control. In the adult 
meat-fed rat the gland was distinctly diminished in size. In the 
remaining eight the general appearance of the glands was normal except 
in one case in which the parathyroid glands* were double the size of any 
of the control glands. 

Microscopic changes. In ten out of the twelve animals definite 
histological changes were present, these consisting of; (1) Active 
proliferation of the epithelium of the vesicles. (2) Congestion of blood 


Endowment of Research, Edinburgh University. 
* These are two in number in the rat. 
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vessels. (3) Mucoid degeneration of the colloid material and of the 
epithelial cells. In some cases there was also distinct enlargement of the 
vesicles. The colloid material wasdiminished in amount. In the adult | 
meat-fed rat the colloid substance had practically disappeared, the 
general appearance of the gland being one of pronounced atrophic 


_ catarrh. The histological changes were most prononced in the animals 


which had failed to increase in weight like the control subjects. 

Parathyroid Glands. In one out of the twelve animals the para- 
thyroid glands were obviously enlarged and the microscopical appearances 
of this gland were abnormal, the epithelial cells being widely separated by 
large clear spaces which were apparently areas of mucoid degeneration. 
A much less degree of the same change was observed in one of the 
control glands. The parathyroid glands of the meat-fed adult rat were 
lost in the process of preparation. In the remaining ten cases the 
histological appearances were normal, 

The general results may be summarised as follows : 

1. The administration of a meat diet to young rats is followed by 
distinct histological changes in the thyroid gland ; this result, although 
very frequent, is not however a cunstant one. 

2. The changes in the glands are most pronounced in the case of 
those animals which do not gain in weight at the same rate as the 
normal animal. 

8. The parathyroid glands were in the great majority of cases 
unaffected by the diet. 

4. In the case of an adult menited rat, the animal snecusmbed 
after three weeks of the diet, the general appearance of the -— 
gland indicating exhaustion of its functions. 
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Observations upon Cheyne-Stokes’ respiration. By M. S. 
PEMBREY and R. W. ALLEN. ! 


(Preliminary Communication.) 


A patient under the care of Dr Newton Pitt showed well marked 
-Cheyne-Stokes’ respiration ; the period of apnoea frequently lasted 30 to 
40 seconds and during the period of breathing there was a typical waxing 


and waning of the respiratory movements. The first breath which | 
followed the period of apnoea was so slight as to need careful observation 
for its detection ; it was succeeded by a series of respirations increasing 


in depth and culminating in deep gasping breaths; these gradually 
decreased in amplitude and died away into the period of apnea. This 
period of breathing lasted 30 to 40 seconds; the cycle therefore occupied 
about one minute. 

The phenomena were so marked and so persistent that numerous 
observations could be made; some of the chief results of direct physio- 
logical interest are here given. 

The periodicity was very definite but varied from day to day, as 
shown by the following consecutive determinations :— 


Duration Duration Pulse during 
26. xi. 04 27 45 29 36 60 
25 47 27 87 59 
26 47 |—«68 38 61 
26 47 27 33 60 
2. xii. 04 36 84 20 ” 3 
85 37 22 : 
86 37 20 
82 81 21 
88 85 20 
37 36 20 
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Samples of the alveolar air at different stages of the waxing and — 
waning respiration were taken by the method employed by Haldane and 
Priestley; a modification was necessary in the shape of a mask, in which 
in some observations were inserted inspiratory and expiratory valves. 
The following are some of the results of the analyses :— 


Early period of — Period of 


Late of 
period 

per cent, per cent. per cent, per cent. per cent. per cent. 


Srdexpir. 3°90 12:19 Sthexpir. 3°26 15°48  18thexpir. 200 18°86 
» » 861 1984 Sth , 822 1667 , 268 18% 
,, 866 1861 10th ,, 2°76 17°60 «17-49 
868 1866 ,, 274 16°76 


~ In the case of the early period of waxing’ respiration, the true values 
of carbon dioxide are probably higher*and of oxygen probably lower, 
owing to the shallow nature of the first respirations. When the 
patient was better and the respirations were continuous the percentage 
composition of the alveolar air was 444 carbon dioxide and 1634 
oxygen. 

Observations were made upon the influence exerted by oxygen and 
carbon dioxide upon the respiratory movements of which graphic records 
were taken for long periods. The oxygen varied from 8°67 to 90 per 
cent. and the tracings show that a diminished as well as an increased 
supply of oxygen will abolish the period of apnoea. Carbon dioxide was 
given in percentages varying from 0°76 to 11°33; the period of apnea 
was abolished and all gradations from feeble respirations in the place of 
apnoea to continuous breathing of almost regular type were obtained. — 
Doses above 1 per cent. readily abolished apnoea and large doses of this 
gas could be tolerated more readily by the patient than by normal 
subjects. A suitable mixture of carbon dioxide and oxygen produced 
a regular and easy respiration. 

Sensory impressions or excitement would abolish the period of apnoea 
when the patient's general condition was better and on this account 
numerous control experiments were necessary. 

It would appear that the periodicity of Chsyne-Btokiew respiration 
is due to a diminished excitability of the nervous system ; the carbon 
dioxide accumulates and the oxygen diminishes until at last the nerve- 
cells are stimulated, the waxing respirations begin and culminate in 
marked dyspnea, whereby the carbon dioxide is washed’ out and a large 
quantity of oxygen is taken in; apnwa then follows, due apparently to 
the absence of sufficient carbon dioxide to stimulate the nerve-cells. 
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_ The view that the excitability of the nerve cells is diminished is 
oxppurnel by the occurrence of Cheyne-Stokes’ respiration in hiber- 
nating mammals, in infants, in some adults during sleep, and in many 
cases of poisoning. The influence of carbon dioxide upon the respiration 
of hibernating mammals is, as shown by experiments communicated by 
‘one of us some years ago to this Society, similar to that now recorded. 


The effect of salts se seibenibials ammonium and bile salts 
upon blood-pressure. By ArTHUR EDMUNDs. 


The detection of choline in the cerebro-spinal fluid and blood of 
animals and human beings suffering from degenerative lesions in the 
central or peripheral nervous system, was first shown to be practicable 
by Mott and Halliburton. Although the chemical tests used have been 
criticised in some quarters, the reaction is becoming widely recognised 
and employed in the differential diagnosis of organic from functional 
nervous diseases, 

There is probably at present no single test which will absolutely 
distinguish choline from certain other substances; and the substances 
which are specially liable to be confused with choline are salts of potas- 
siunf, ammonium, and bile salts, if the observér is content with a mere 
cursory inspection of the crystals obtained by the addition of platinum 
chloride, 

The best tests ut present in vogue are the platinum test, both with 
and without Donath’s modification, and the iodine test as modified by 
Allen. 

But chemical testing should always be combined with physiological 
experiment, The most marked physiological result which follows the 
intravenous injection of choline is a large temporary fall of arterial blood- 
pressure; but if the animal is previously atropinised, the fall is not 
‘produced, and is usually replaced by a rise. 

It was this physiological reaction which I have investigated in the 
_ present research in reference to the salts mentioned above. 

The effect produced by bile salts is a very small fall of pressure even 
if strong solutions are used; it is not abolished by atropinisation. 

The effect produced by ammonium chloride is very like that produced 
——" but again, the previous acinmennion of atropine has no 
e 


The effect produced by potassium chloride is very marked, and the 
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fall is cardiac -in origin, and often fatal with quite small doses. After 
atropine has been given, the effect of potassium salts remains unaltered. — 

It should be added that the previous administration of nicotine does 
not modify the action of any of these substances, choline included. 

The general conclusion to be drawn from these experiments is, that 
the physiological actions of potassium chloride, ammonium chloride, and 
bile salts are fundamentally distinct from those of choline, and that if 
the investigation of a doubtful material is carried out by testing both its 
physiological and its chemical reactions, confusion need never arise. 
(The full paper with illustrative tracings is published i in the British 


Medical Jan. 14, 1905.) 


of chloroform and. ether on renal activity By 
W. H. Tuompson. 


Dogs were employed. The urine was drawn off by catheter. 


Observations were made for 4—5 periods of two hours each, during 


the second of which the anwsthetic was given; at first, with the animal 
in a box, later on a table. During the other periods the dog was kept 
in @ cage. 
I. The effects of the two anzsthetics corresponded in the following 

particulars : 

1. Quantity dn urine; two results were noticed ; in the majority 
a diminution occurred in period 2, in a minority the contrary took place. 
The after-effect in nearly all cases was a marked increase. , 

2. Excretion of Nitrogen: the results did not always coincide 
with the foregoing, but in the main two effects were also noticed ; aa 
some a decrease, in others an increase. 


3. Eaecretion of Chlorides: increased with both. 


IL. The effects differed as follows: — 
1. Quantity of urine: with ether the diminution of urine was - 
generally accompanied by an increase in its percentage of nitrogen, 
with chloroform the contrary was the rule. 
| 2. Hacretion of Netrogen : with ether the decrease in N closely 
corresponded to the fall in urine: with chloroform the decrease in N 
far exceeded the fall in urine. With the latter an increase in urine was 
sometimes accompanied by a fall in the output Che: 
3. Hucretion of Chlorides: the increase of chlorides was much 
greater with chloroform than with ether.. 
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Intravascular injection of ornithin. communs- 
cation.) By W. H. THOMPsoN. 


_ When arginin is administered with the food its ornithin mola is 
apparently excreted in the urine as urea. At all events no ornithin is 
excreted in the urine, and the increase in urea covers nearly the whole 
of the arginin nitrogen. 

In the case of ornithin directly injected into the circulation, none 
passed over into the urine as such. Within a period of four hours — 
about half its nitrogen appeared in other forms, and of this about two- 
thirds were excreted as urea. 

The experiment was performed in the Physiological Institute, 
Heidelberg, and Professor Kossel kindly supplied the ornithin. 


The action of potassium and sodium on the indirect 
excitability of muscle. By F. S. Locke. 


- Overton’ has recently described the effect of salts of potassium 
added to sodium chloride solution in accelerating the disappearance of 
the indirect excitability of skeletal muscle under the.action of sodium 
chloride solution alone, of physiological strength, pointed out by me* and 
confirmed by him. I have repeated Overton’s experiments on the effect 
of potassium, using KCl (0°04—0°05 °/,) and the nerved sartorius in place 
of the sciatic-gastrocnemius, and completely confirm his results. The 
potassium does not however alter the mode of disappearance of the 
muscular response to indirect tetanisation which is characteristic of 
the action of sodium chloride solution alone, and may be now summarily 
described as a progressively increasing delay of the commencement of 
the tetanic response (up to many seconds), associated with progressive 
weakening, and more and more marked, more or less rhythmical and 
fibrillary, irregularity of it. Under the additional influence of potassium 
similar phenomena occur, but indirect excitability disappears altogether 
before a latency to indirect tetanisation of many seconds is developed. 
Such a mode of disappearance of indirect excitability to tetanisation is 
unmistakeably different from that characteristic of the effect of curare, 
which consists, as is well known, in the replacement of lasting tetanus 
by a weaker and weaker initial contraction. 

Whether the difference between the effects of the salt-solutions in 
question and curare is a fundamental one, or is merely produced by an 
antagonism in the case of the salt-solutions between their paralysing and 
stimulating actions, as is not unlikely, future investigations must decide. 


1 E. Overton. Arch. f. d. ges. Physiol. cv. p. 176; 1904. 
* F.8. Locke. Centralbl. f. Physiol. vi. p. 166. 1894. 
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A of blood-pressure obtained stmul- 
taneously with a manometer and — a sphygmomanometer. 
By P. LockHart Mummery. 


By the kindness of Mr W. Legge Symes I have been enabled to 

take readings of the blood-pressure with the sphygmomanometer on an “ 
animal whose blood-pressure was being observed with an ordinary 
mercurial manometer. The experiments were undertaken to ascertain 
the accuracy of the blood-pressure readings obtained in man with 
a@ sphygmomanometer. The accuracy of the readings has previously 
‘been tested: by observations on the cadaver with a known water pressure 
within the vessels: but this method of testing the instrument is ~~ 
‘unsatisfactory and unreliable. 
‘Phe sphygmometer used in these experiments was a Riva-Rocci 
sphygmometer which registers the maximum systolic pressure. A 
specially narrow cuff or armlet was used, and readings of the B.P. in the 
left femoral artery were made with the sphygmomanometer, while 
simultaneous readings were also made of the B.P. in the right femoral 
artery by means of an ordinary mercurial manometer connected to 
@ cannula tied into the artery. The two observations were made 
simultaneously by different observers. In the first experiment a glass 
cannula connected to an ordinary mercurial manometer was tied into 
the right. femoral artery and the armlet of the Riva-Rocci sphygmometer 
was fastened round the left thigh of the animal. In the first two 
animals used it was found very difficult to feel the pulse; and in order 
todo a0 the artery had to be exposed in the popliteal space and directly 
palpated. | 

The: were as follows :— 

Riva-Rocci Sphygmometer 108, 107, 107 i: 
Arterial Manometer 110, 106, 106 6) 
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In the second experiment the same procedure was followed. The 


Riva-Rocci Sphygmometer 65, 65 
Arterial Manometer 64, 64 


In the third experiment a medium-sized dog was used and it was 

possible to feel the pulsation of the post-tibial artery through the 

skin without exposing the vessel. The results obtained were as 
follows : | 

B.P. in right femoral sith Hg mano- | See 

meter connected to the artery 106, 108, 108, 110, 86 — 
B.P. in left femoral obtained | 
by Riva-Rocci Sphygmometer 118, 107, 110, 110, 84 

The error of the first reading was accounted for by the armlet not 
being adjusted properly. 3 

These experiments show that the instrument works with quite a 
negligible degree of error, and that the readings obtained with it may 
be taken as accurately representing the B.P. in the nr compressed 
by the armlet. 

The resistance of the tissues aviivinn the artery did not affect 
these experiments as to make any difference to the readings, as the B.P. 
as observed with the sphygmometer was sometimes higher and sometimes 
lower than the real B.P. And what error there was appears to have 
been due to personal error of the observer, and not to any fault in the 
instrument. Several of the observations of the’ arterial pressure were 
made with the sphygmomanometer by persons previously unacquainted — 
with the use of this particular instrument. This shows that no special 
skill is necessary in order to obtain accurate readings with it, as is the 
case with many other forms of sphygmomanometers. 

I am much indebted to Dr Waller for atoning me the es 
of testing the instrument in his laboratory. | : 


Estimation of inspired and expired chloroform. By 
A. D. WALLER and B. J. CoLLinewoop. 


The subjoined experiments, carried out in the Physiological 
Laboratory of the University of London during the autumn of 1903, 
formed part of the observations we were then pursuing in common 
relating to the quantitative estimation of chloroform in inspired and 
in expired air. In the latter case we were obliged to enter upon a 
somewhat lengthy experimental parenthesis concerning the densimetric 
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estimation of expired CO, in relation with varying respiratory quotient. 
Subsequent to this interruption of the main enquiry, one of us (B.J.C.) 
has returned to the main problem of chloroform absorption. 

The densimetric estimation of expired chloroform stands on quite 
a different footing of difficulty to that of inspired chloroform, and 
requires several distinct corrections which at first sight might appear to 
invalidate the application of the method to this purpose. 

The principal corrections required are: (1) for CO,, (2) for the 
respiratory quotient, (3) for water-vapour, and (4) for temperature 
we pressure. 

(1) The CO, seerbction. In most experiments we have had to deal 
with chloroform percentages of 2°/, to 5°/,, 2.¢e,in the 250 c.c. densimeter 
with absolute weight-increments of 20 to 50 mgrms. The values sought 
for in the case of expired air are corresponding deficits of 20 to 30 °/, 
of these increments, te. to absolute weight differences of 4 to 15 
mgrms. Obviously the increment will be read too high by reason of 

CO,. 
: (2) The respiratory quotient correction is a correction of the 
previous correction. One per cent. of CO, or 2°5 cc. in a 250 cc. 
densimeter gives a weight-increment of 1:34 mgrms. if we consider 
the respiratory quotient as unity, te. if 2°5 c.c. CO, replaces 2°5 c.c. O,. 
The increment is only 1 mgrm. per 1°/, if the respiratory net | 

is at 0°5. 

The percentage of CO, varies between 2 sad 4°/, and the rempivatory 
quotient between ‘7 and ‘9; the absolute value of the CO, correction 
will be between 2°38 and 5°2 mgrms., i.e. the maximum fluctuation 
between these two extremes is 2°82 mgrms., and the mean fluctuation 
from the mean value 379 is=1°41. The chloroform estimation in 
expired air is correct to a value of 0°14°/, after a constant cor- 
rection of 3°79 mgrms. has been made for average CO,=2 to 4°/, and 
average R.Q.—0'8. 

Considering the absolute values under experiment, viz, 4 to 15 
mgrms. and the relatively large fluctuation possible, viz. 1°41 mgrms. 
we considered at the time that no stress should be laid upon observations 
_ dealing with low values of chloroform absorption, and preferred to rest 
our experimental argument upon values of ether absorption, in which by 
reason of the greater masses of anesthetic to be dealt with the error is 
relatively less. The title of one of our papers was therefore “ the 
densimetric estimation of the pulmonary absorption of ether vapour,” and 
experiments on chloroforms reported, in that paper dealt only with very 
high percentages—8°4 and 5:7 of inspired chloroform. 


c2 


é 
AS 
+ 
id 
ol 
ida 
ye 
4 
4 
Ks 
- 
|| 


xxvi PROCEEDINGS OF THE. PHYSIOLOGICAL 


(3) The water correction is at first sight the most serious: 
Obviously if condensation ‘of water were to take place ina densimeter 
bulb, readings on the balance would be of no value. Any such conden- 
sation is, however, prevented by enclosing the bulb in a warm chamber 
maintained at between 40 and 50°C. by an incandescent lamp. This 
device in its turn entails a large temperature variation which will be — 
considered below. In order to ensure further that no water condensation 
shall occur in. the densimeter on- cooling, the expired air is led into the 
latter through a cooling chamber which acts as a condenser. 

Finally a small correction for the water saturation of cooled expired 
air as compared with room air has to be taken into account. Room air, 
according to a hygrometer. fixed in the laboratory, is usually } saturated 
at a temperature between 15 and 20°. Expired air cooled to the same 
témperature is fully saturated. We have taken as the corresponding ~ 
value for the percentage of water-vapour a weight decrement of 
0611 mgrm. Therefore total correction for CO,, R.Q., and water-vapour 
is 379 mgrms. —0°611 mgrm., «.e. 3:18 mgrms. with CO, taken at 3°/,, 
R.Q. as 0°8, and H,O vapour increased by 4 per cent. in expired as 
compared with room air, both samples being at 18°C. 

(4) Temperature and pressure corrections are applied in the usual 3 
way after adopting the following procedure :— 

_- The bulb was allowed to cool to the temperature of the air for about 
20 minutes, and then was — were removed for a second before 
weighing. 

It was found by mines that the removal of the stoppers for this 
time did not allow an appreciable amount of the gas to diffuse. The 
object of this removal was to bring-the pressure inside the bulb to - 
atmospheric pressure. After weighing, a correction must be made for — 
the absolute temperature of the bulb when it was: filled with the gas. 
To take an extreme instance, for the purpose of illustration, suppose 
that the bulb was filled with a mixture of chloroform and air at a 
temperature of 278° C. (viz. 273 x 2 abs. temp.) and then allowed to 
cool to say 0°C. (viz. 273 abs. temp.). If the ‘bulb has a capacity of 
500 c.c., it will only contain 250 c.c. of gas (at the lower temperature 
and at atmospheric pressure), therefore when the stoppers are removed 
from the cooled bulb, 250 c.c. of air will enter to fill the partial vacuum. 
‘Suppose that the original percentage of: CHCI,, at’ the higher temper- 
ature, was 10, the percentage after cooling and removal of the stoppers 
and entry of 250 c.c. air will sink to 5, which is the percentage actually 
indicated by the weight increment. The correction for reanaute temper- 
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Wi in Per- Per- 0°38 added 

Ce 17 The animal breathed a total of 
litres in 7 mins., breathing 
" at the rate of 22 per min.., i.e. 
at the rate of 55c.c. per min. 
It retained during that period 
119 ¢.c. of CHCl, i.e. 

17 ¢.c. (0°085 gr.) 

Early stage of anmwsthesia. 

5 30 2°3 10 Later stage of anesthesia. 

4°7 2°2 28 Early stage of anmsthesia. 

3°4 2°9 08 animal breathed a total 
volume of 2 litres. The ve 
calculated from this sample 
came out at 68 ¢.c. of CHCl, 

vapour inspired and 


i retained ater stage of an- 
5. SameCat 25 105 3% 78 Animal breathed a total vol. of 


2°65 litres. The totals calcu- 
* - Jated from this sample came 
out at 262°5 c.c. CHCl, vapour 


inspired and 182°5°c.c.. re- 


tained. Marked fall of blood- 


6. SameCat 25 12% 40 8°8 Marked fall of blood-pressure. 
7. Cat 80 30 2°6 0°7 Animal breathed about 1 litre 


min. The totals calcu- 


| ted from this sample came 
| out at 255 ¢.c. CHCl, vapour 
3 inspired and 0.6. retained. 
Dog 15 Animal breathed a total vol. of 


litres in 4°5 mins., taking 


during this period 140 resp. 
The totals calculated from 
a this sample came out at 263 
c.c. of CHCl, vapour i 
and 102 ¢.c. r 
angsthesia. 
‘9. SameDog 70 4° 89 4°9 48 Very deep ansesthesia. 
10." Cat 29. 142 82 6°3 Animal breathed a total vol. of 
2 litres in 3 mins. taking 80 
resp. The totals calculated 
from this sample came out at — 
284 c.c. of CHCl, inspired and 
126 c.c. grm.) re 
‘Death. 


11,. Cat 82 652 41 14  Amimal breathed a total vol. of 


out at 200 c.c. CHCl, vapour 
inspired and 60 c.c. retained. . 


3°3 
18. Same Cat ? 84 
* We cannot lay stress u the calculation from a single sample to the total: 
absorption thronghout the entire period of anssthesia.. 
Neseo—(i) High amounts retained cause, as one would expect, marked effects on 


‘As role the earl of chloroform is than later 
general rule carly absorption greater 
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ature applied to this reading brings out a true value of - peroontage— 
10°/, in the present instance. 

It was found that if the stoppers were not removed,: ‘sometimes shee 
was a leakage, and sometimes there was not. Therefore to avoid error 
a momentary removal of the stoppers was necessary. It should be noted 
that the pressure in the bulbs before release of the stoppers can never 
be positive, consequently this release could not allow of the escape of 
chloroform except by diffusion, and as stated above this was found 
experimentally to be negligible. 


Conclusion. Our purpose in the preceding communication has been 
to expose as clearly as possible the magnitude of error inherent to 
results obtained by the densimetric method as regards the measurement — 
of total chloroform absorption. 
_ Throughout the table of percentages of chloroform i in expired air we 
have applied the correction + 0°3°/, (corresponding to a weight of 3 
milligrammes) in allowance for 3°/, CO, in expired air at the respiratory 
quotient of 0°8 and with a difference of 0°5°/, of water vapour between 
room-air and expired air with both samples at room temperature. 

Obviously this considerable correction led us to lay far less stress 
upon observations dealing with low values of chloroform absorption. 
Obviously likewise the correction is relatively less influential in observa- 
tions dealing with higher values of chloroform and with ether absorption. 
It does not enter at all into the principal use we have made of the 
densimetric method, viz. for the estimation of chloroform and ether 

vapours in an atmosphere offered to inspiration. 


The absorption of chloroform. in the later mene of 
anesthesia. (Demonstration.) By B. J. CoLLINGwoop. 


Observations by Waller and myself have shown that in the early 
stages of anesthesia large amounts of chloroform are absorbed. The 
object of the present observations was to determine the amount of 
chloroform that is absorbed after long periods of anzsthesia in n which 
the dosage of the drug was kept constant. 

Method adopted. The animals used were cats. The animals were 
placed in a glass box into which a 2°/, mixture of chloroform and air 
was pumped by an apparatus designed to give graduated doses of 
chloroform’. They were then placed on the table and the chloroform 
pumped into a mask fitting over the mouth and nostrils. Through this 


‘ Collingwood. Transactions of Medical and Chirurgical Society. 1904. 
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mask.a vapour containing. 1‘3°/, of chloroform was administered. After 


: ‘periods. varying between 45 and 90 minutes, depending on the 


time of disappeatance of the corneal reflex, tracheotomy was performed, 
the tracheal tube being attached to a Chauveau valve. A bag which 
contained about 20 litres of 1°3°/, chloroform was attached to the inlet 
of the valve, and a second empty bag attached to the outlet of the valve. 


_ After the animal had breathed abont 10 litres, taking from 15 to 20 


minutes, the experiment was concluded. 

- The difference between the °/, in the two bags was then estimated 
by the tonometric method’. The actual °/, of chloroform in the — 
air was also estimated by this method. 


The following table gives the results obtained. ‘ 
Inspired Expired 
Cat. After 1 hour and 20 mins. anesthesia 13°/, 1°2°%/, 
Cat. After 50 mins. anesthesia. 13 14 


Cat. After 1 hour and 23 mins. anesthesia §=_1°3 13° 
I conclude that the amounts of chloroform absorbed late in 


" anesthesia are certainly not great, and that the breaking down of the 


drug which is said to take place in the body is at the best a 
small quantity. It would also follow that when once anesthesia 
has been fully established, the dosage of the chloroform should be 
adjusted to prevent the blood giving up chloroform, rather than with 
the idea of pouring more of the drug into the organism. Previous 
observations which I have made show that the dosage of chloroform 
required to abolish the corneal reflex constantly decreases with the 


‘prolongation of anesthesia, sinking at the end of five hours to as low as 


0°5°/,. It would thus appear that when the organism is fully saturated — 
with chloroform a very low percentage is sufficient to maintain 
angsthesia. 

I give below a diagram of the improved form of tonometer used in 
these recent experiments. | 
.The. shaded parts of the tubes contain mercury, which effectually 
prevents all leakage. The diagram shows an experiment in progress. — 
The dotted parts of the tubes contain chloroform. The method of 
introducing chloroform into the bulbs consists in opening taps B, and 
squeezing the rubber bags Z. In this way chloroform is forced into the 


_ bulbs, the mercury following a certain distance up the tubes and on 
- Closure of taps B acting as a plug to prevent any escape (as in diagram). 


a Collingwood. Proceedings of this Society. Nov. 12, 1904. 
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Both the bulbs are in the same water bath, containing water at, or just 
‘below, the temperature of the air, thus avoiding the a of 
‘temperature corrections. 


pulmonary fibres of the 
vagus. By N. H. Atcock and JoHN SEEMANN. 


‘The investigation of the respiratory reflexes caused by inflation or 
collapse of the lungs has led to the theory that there are two kinds of 
fibres coming from the lungs to the respiratory centres by way of the 
vagus nerve (Hering-Breuer, Head, Gad, Schenck). To this theory 
Lewandowsky’s' experiment offers an apparent contradiction. We © 
therefore repeated this experiment in a modified and extended form ; ; 
using @ very sensitive capillary electrometer and observing or photo- 
graphing the movements of the mercury with a high magnification 
(x 1400). The animals used were rabbits and cats corned with 
chloroform and pithed. 

Our results are as follows. . 

(1) On blowing up the lungs for a short time (with a pressure of 
1 metre of water) we always could observe a sustained negative, variation 
in the peripheral part of the vagus of from 1°5 to 2°5 x 10~ volts. 


Lewandowsky.  Pfliiger’s Archiv, uxxm1. 288. 
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(2) On sucking out the air from the lungs (~2 metres water: 
pressure) we got somewhat different results. In the rabbit we noticed 
a very small negative variation. In the cat there was either a positive 
variation or a short negative followed by a prolonged positive variation, 


lasting as long as the diminished pressure. On letting in the air to the 


lungs, so as to restore the normal extension, a negative variation followed. 
This difference may be explained by supposing that these results are 
the algebraic sum of an excitation of one set of fibres and the diminution 
of a permament excitation in another set. | ? 

(3) At every normal inspiration there was a negative variation, 
occurring during the height of the inspiratory movement. — 


We conclude therefore that 

(a) An excitation of the vagus nerve-endings is eben’: by 
extension of the lungs as well as by collapse. 

(b) That there is in the cat a vagus tone that can be diminished 


_ by sucking air out of the lungs. 


We have much pleasure in expressing our indebtedness to Dr A. D. | 
Waller, both for permission to work in the University Laboratory and 
or much kind advice. | 


Utilization of the csophageal muscle of the cat for 
purposes of class-demonstration. By A. D. WALLER, M.D., F.R.S, 


Members of the Society who are teachers may take interest in the 
following brief communication, the purport of which is to call attention 
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to certain simple experiments on the excised cesophagus by which that 
organ may be utilised as a common object of the laboratory for lecture 
and practical exercises. 
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induction shock. 


Fig. 2. Upper end of cat’s cesophagus. Siz imperfectly oomtrections in response 
_. to 6 shocks at intervals of 1 sec. | 


Fig. 8. Upper end of cat’s cesophagus. 
single shocks at intervals of ~,th seo. Summated effect in the latter case. 


Fig. 4. Simultaneous record of contractions of upper and lower ends of a cat’s gullet. 
- The responge is single in the upper end, double in the lower end. 

Fig. 5. Simultaneous record of contractions of upper and lower ends of a cat’s gullet 
on a slowly travelling plate. Responses to 1, 2, 3, 4, 5 and 6 shocks (at th sec, 
intervals),. showing how the secondary contraction of the lower end is peony out 
by summation.. 


Fig. 6. Simultaneous record of contractions of upper and lower ends of a cat’s gullet. 
_ on @ slowly travelling plate. Responses to groups of 5 shocks at 4,th sec. intervals, 
2 minutes interval between each group. To illustrate fatigue especially affecting the 


secondary contraction of the lower end. (The record closely simulates the wearing 
out of a veratrine effect in ordinary muscle.) 


responses to 1, 2, 3, 4, 5, 6, 6, 5, 4, 8, 2, 1 induction shocks. Berne coil, 2 
_ Leclanches 2000 units.) 


Fig. 8. Cat. Upper part of wsdphagus, 94 hours later. Besponses fo 1, 2, 8, 4, 5, 
5, 4, 8, 2, 1 induction shocks, (Berne coil, 2 Leclanches, 8000 units.) 


Fig. 9. Oat. Upper part of esophagus within 2 hours post-mortem. Five groups of 
20 contractions each, in response to 1, 2, 8...... 10 and 10, 9, 8...... 1 shocks at a 
frequency of about 10 per sec., and at strengths of 1000 to 5000 of a Berne coil, 
exhibiting the regularity with which summation occurs. The interval between 
successive contractions is 15 secs. 

rabbit have not, in my hands, lent themselves so readily to demon- 

stration. 

A piece of cesophagus 2 to 5 centimetres long is fixed to an ordinary 
muscle clamp and recording lever, preferably in a moist chamber, wires 
from battery or coil are attached to its two ends. 

- Moment of excitation and course of contraction are recorded in the 

usual way by whatever apparatus happens to be in use for the 

contraction of ordinary muscle. The contraction of the upper or 

pharyngeal end is a single effect with a latent period of 0°02 to 0:05 

second and a duration of 1 to 2 seconds; that of the lower or gastric end 

is double, the first having about the same time-relations as those of the 
upper end, artd the second being far more prolonged. 

It appears evident that we have to do with the single contraction of 
striped fibre in the first instance, and with the distinct contractions of 
striped and of smooth fibre in the second (Fig. 4). 

The range from minimal to maximal contraction is very extensive, 
far more so than in the case of ordinary muscle: It is therefore an easy 
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matter to demonstrate augmenting amplitude of contraction corresponding 
to augmented strength of stimulation. I do not at present enter upon 
the question how far the augmented amplitude depends on augmented 
contraction of a given strand of muscular substance, or upon the 
participation of more muscular substance brought into action. 

_ Summation: of effects, 1c. the superposition of contractions and the 
genesis of tetanus (minimum tetanising frequency), are equally easily 
examined ; the time-values vary with vaniesion of the level from which 

strip has been taken: 

Summation—I do not at present attempt a _ditiggtion between 
summation of effects and summation of stimuli—can be studied and 
demonstrated ‘with a completeness and certainty altogether impossible 
in the case of ordinary muscle and nerve (Fig. 7). oe 

Finally it may be mentioned that esophageal muscle is 

_ well adapted to a demonstration of fatigue and recovery. The organ 
dies very slowly ; in the case of the cat it can be utilised 24 hours after 
excision if the excised _— has been prevented from drying (ig. ug 


The of eyathetioal rubstances allied 
to adrenalin. By H. D. Dakin. | 
The results of the combined researches of von Furth. J omett oF 3 
Pauly have led to a fairly exact knowledge: of ‘the chemical structure 


of adrenalin, The formula which has received the most. — is ‘as 
follows: 


Starting from pyrocatechin it is possible to prepare a ‘base hes 
chemical and physiological properties are very similar to those of 
adrenalin. The changes are outlined vais the chemical details being 
reserved for a future communication. 7 


OH OH OH 


‘The formula of the synthetic. base:is given. siterislonalle. subject to 
further investigation. The salts of the base show all the chemical 
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reactions of natural adrenalin, but certain differences appear to exist 
between the free bases. Whether this is due to the fact that the 
synthetic base is optically inactive whereas the natural substance is 
active is not yet clear. The physiological activity of the new substance 
is about the same as adrenalin. Less than one millionth of a grm. 
produces a definite rise in blood-pressure on injection into a rabbit. 

An —- product in the synthesis described is the ketone 


base HO > —C.CH,NHCH,. This base has also been obtained 


by Stolz and by Friedmann and its physiological properties have been 
investigated by Hans Meyer. Its action in producing a rise’ in 
blood-pressure is however insignificant when compared with that of its 
reduction product, and in fact is not much more powerful than the 
chloracetylpyrocatechin from which it is prepared. A large number of 
allied ketone bases has been prepared and an attempt has been made 
to connect their chemical structure and physiological action. From 
a.chemical point of view they may be divided into the following 
classes: 
I. The simplest member of the group C,H,(OH),.C.CH,NH,. 


Derivates of the type C,H,{OH).C.CH,NHR. 


(a) Where R is an aliphatic group, e.g. methyl, ethyl, amyl, and 
heptyl. | 
(b) Where R is a mixed group, e.g. benzyl. 

_(c) Where R is purely aromatic, e.g. phenyl, tolyl, napthyl. 


di-amyl. 
IV. Derivatives of the type — 


III. Derivatives of the type ag. di-methy), 


CH, NS eg. tri-methyl, di-methyl-pheny! 


The physiological action of these bases, as regards the blood-pressure 
effect, bears a very distinct relation to their structure. Substances in 
Classes I and II(a) all produce a marked rise in blood-pressure in doses 
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of about 1 milligram per kilo and on reduction yield bases whose activity 
is comparable with that of adrenalin. The substance representative of 
Class I1(b) stands in both chemical and physiological respects between 
IL(a) and II(c). The members of the latter class cause a fall of blood- 
pressure which may be followed by a slight rise. In some cases at least 
the injection of their reduction products causes a very marked rise in 
pressure but the action is not nearly so powerful as in the case of the 
aliphatic bases. 

The physiological action of the di-alkyl bases.(Class III) appears to 
be similar but less marked than the mono-alkyl bases. Their reduction 
products are however very active. Only two substances of Class IV have | 
so far been examined—the tri-methyl compound was found to be very 
active whilst the aromatic derivative with the phenyl-di-methyl groups 
was inactive. 

Injection of pyrocatechin itself, in oh of about two milligrams per . 
kilo produces a very distinct rise in blood-pressure, and this is also true 
of many of its simple derivatives and homologues, eg. protocatechuic 
aldehyde, 3:4 di-oxyacetophenone, chloracetylpyrocatechin, 34 di-oxy- 
phenylmethylcarbinol, pyrogallol, chloracetylpyrogallol and alkylamino- 
acety|lpyrogallols. Substances in which the hydrogen of the 
groups is replaced appear to be practically inactive. 

A further attempt at the synthesis of the simplest member of the 
groups of substances to which adrenalin is supposed to belong, was made 
on the following lines. It is possible to condense protocatechuic aldehyde 
with nitromethane without the elimination of water. On reduction the 
nitro-group may be converted into an amido-group. The changes may 
be represented as follows: — 


NO NH, 
oH H 
HO HO 
OH OMe. OH 


The base formed in this reaction was found to 
active, 
_ Adetailed account of the preparation and properties of the substances 
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Basophil granules and the injury current of nation, By 
J. 8S. Macpona.p. 
In a recent communication’ I described granules in nerve fibres stained 


- by “neutral red,” drawing a distinction between (a) minute granules 


thickly deposited in the immediate vicinity of an injury, and (b) coarse 
granules developing one after another in the neighbouring portion of the 
axis-cylinder at irregular intervals of its length, but at intervals of time 


directly proportional to the distances between the granules, 


In the nerves of cooled frogs these granules are yellow in colour and 


‘fugitive, disappearing again within a short time (30’—60’) of their 


appearance. In the nerves of warmed frogs the granules are red and 
are more permanent, lasting for more than 24 hours. Accepting the re- 
levancy of the macroscopically observed changes in the colour of 
“neutral red,” the axis-cylinder of the cooled frog’s nerve fibre is alkaline, 
that of the warmed frog’s nerve fibre is acid. 3 

At least three interpretations might be placed upon this observation ; 
(1) that the distinction is one between active and resting nerve, or (2) 
between nerve which has been surrounded by active acid-producing 
muscle, and nerve removed from the midst of quiescent muscle; or (3) 
that differences in temperature occasion a varied partition of the acids 
and bases present, Of these possible interpretations I have up to the 


_ present paid more attention to the first ; but I have so far failed in the 


attempt to change the “alkaline” axis-cylinder into an “acid” one by 
means of prolonged stimulation. 
As to the nature of the granules observed, they are either (1) the 


1 Proc. Physiol. Soc., Dec. 17, 1904; Journal of Physiol. vit. 
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result of a precipitation of the dye itself, or (2) stained coagula of the 
proteids of the axis-cylinder, or (3) masses produced by a combination of 
these conditions. It is, in this connection, to be noted that the dye is 
very readily “salted out” from its solutions. Precipitates are easily 
produced by the addition of potassium chloride. In view of this fact 
it is not surprising to discover.the exact agreement between the appear- 
ance produced by this dye at certain of the nodes of Ranvier, and. those 
depicted by Macallum’ as consequent upon a precipitation of potassium 
salts. This agreement holds good not only for the nodes of Ranvier but 
also for certain intermediate points (Macallum, Fig. 36, b. i). Such in- 
termediate points I have succeeded in producing at any 
position in the nerve fibre as a result of injury, and this 
when the nerve fibres are téased and injured in distilled 
water. The conclusion is therefore necessarily drawn that a local injury 
reveals potassium salts, which otherwise escape detection, in the axis- 
cylinder at any point. 

The conditions observed in these injured portions ‘of the nerve fibre 
suggest the opinion, that the contents of the axis-cylinder space have 
there undergone coagulation and are then separated into a central 
albuminous core and an outer solution of salts. The central core is 
- sometimes observable as a yellowish strand protruding from the cut end 
of the nerve fibre and always free from red granules. This latter fact 
is in agreement with a fact observed by Macallum, but stated somewhat - 
differently. The conditions at the cut end other than this he does not 
describe. 

I should like to recall the fact that I have previously shown? that 
the injury current can alone be explained as a consequence of the 
diffusion process taking place at the site of injury, and that it could be 
reduced, balanced, or reversed by alterations in the medium into which 
the diffusion took place. The solutions required to balance the injury 
_ current were however of such an extraordinary concentration as apparently 
to diminish the reliance placed upon the significance of the fact. Micro- 
scopical evidence, however, now exists in support of. the statement that a 
solution of salts of extraordinary concentration is to be found at any 
site of injury to a nerve fibre. Should this evidence bear critical exam- 
ination it is obvious that important conclusions may be drawn as to - 
chemical constitution of the axis-cylinder. 


1 Journal of Physiol xxx, p. 2. Pl, IL. 
* Thompson 347. 1902. 
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The formation of inactive arginine by enzymes from 
proteids which yield optically active arginine on fon ca 
with acids. By E. P. CaTucarr. 


Optically active arginihe has been repeatedly recorded as a product 
of the hydrolysis of proteids by both acids and enzymes. In a recent 
communication’ to this Society I showed that inactive arginine resulted 
from the digestion of fibrin by means of “Urotrypsin,” the same proteid 
on the other hand yielding dextro-rotatory arginine when hydrolysed 
by sulphuric acid. A similar phenomenon has now been observed in 
the case of the hydrolysis of coagulated serum by sulphuric acid and by 
an enzyme found by Hedin’ in the spleen (lieno a-protease)—the acid 
decomposition yielding the active base, whereas the enzyme produced 
the racemic variety. 

These results are entirely contrary to what one would expect. The 
conditions usually associated with racemisation phenomena, namely high ~ 
temperature and the presence of powerful chemical reagents, are much 
more nearly realised in the case of acid than in the enzyme hydrolysis, 
yet it is the latter decomposition which furnishes the racemic arginine 


_ This fact is the more remarkable in view of the general belief that an 


enzyme molecule is asymmetric, 

It is impossible to offer a complete sisleiadin of the observed facts, 
but at least two possibilities suggest themselves. Firstly, it may be that 
the optically active arginine complex either before or after liberation 
from the rest of the proteid molecule is racemised through the agency 
of the enzyme. Such a change is admittedly difficult to picture but it 
may be recalled that optically active substances such as atropine’ and 
amygdalin‘ undergo partial racemisation at the ordinary temperature 


under the katalytic action of weak alkali. Secondly, it may be imagined 


that the mode of splitting by means of acids is not identical with that 
of enzymes. It is conceivable, for example, that the arginine complex in 
the proteid molecule does not contain an asymmetric carbon atom, 
and therefore may under suitable conditions be liberated in the form of 
the inactive base. A symmetrical grouping which would explain the 
formation of inactive arginine might be represented as follows, in which 


1 Proc. Physiol. Soc., Dec. 17, 1904 ; erent of Seyene XXXII. 
2 Journal of Physiol. xxx. p. 155.. 1903, 

3 Berichte, xxi. p. 2777. 1888. 

* Trans. Chem, Soc, uxxxv. p. 1512, 1904, 
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R represents other amido groupings : 
___NH—R 
NH. CH,.OH,. 0H,.C___°.NH 


‘Under other circumstances however an asymmetric carbon atom may 
be produced during the course of the hydrolysis, and thus what may 
be regarded as an asymmetric synthesis can occur. 

_ The experiments are being continued with the hope of ana 
the course of the reaction. — | 


‘The avian thymus, By Tuomas Law, 


The degenerative changes which give the adult mammalian esi 
its characteristics are delayed in birds. The indications of this are as 
follows : 

1. Maeroscopically atrophic changes are not prominent. ‘The o organ 
is well developed in the great majority of adult birds’, 

2. A section of an adult gland does not show the comparatively fine 
division into lobules shown in the mammalian organ. __ 

8. ‘The proportion of cortex to medulla is of interest. There is a 
greater preponderance of medulla than might be expected. 

4, The capsule of the organ is insignificant. | 

5, Hlassal’s corpuscles are scarce in the adult gland. Masses of 
epithelium cells are the rule. 

Hassal’s corpuscles in the avian thymus are undoubtedly derived 
from the original “anlage.” An outline of the changes progressing in 
the organ is given below. 

1. In most instances the adult gland contains irregular strands or 
detached, masses of epithelium cells, scattered throughout the medulla. 
In the younger birds these cells stain well and have prominent nuclei. _ 
_ 2. In some organs the cells comprising the masses show degenerative 
changes. The nucleus shows less affinity for basic dyes; the cell 
protoplasm is less regular, and is more shrunken and granular. 
8. In certain of the masses, presumably at a later transition stage, 
the individual cells are further separated, a fine reticulum shows more 
definitely, and there are spaces, between the cells, occupied by leucocytes. 


1 There is no evidence of marked degenerative change at the time of puberty. 


7 
fe 
of 
aa 
Bi 
; 
- 
P 
Re 
A 
2, 
AMS 
J 
~ 
7 
« 
Wy 
a 
2: 
if 


SOOIRTY, MARCH 18,1905. xli 


Briefly, there is evidence of a leucocytic invasion; these leucocytes.are 
mononuclear, and contain conspicuous granules well stained by eosin. 

4. In later stages the eosinophile cell invasion is more striking ; 
they oceupy the interior of the mass and are collected at one or more 
foci. They themselves show marked evidence of degeneration. | 

5. Cell masses are seen in which the interior is filled by a broken- 
down mass of epithelium cells, eosinophile cells, and granules, reticulum 
fibres and lymphocytes. The epithelium cells at the periphery are 
beginning to show concentric arrangement. It is notable that lymphocytes 
are first seen in the masses at this stage. 

6. Masses which are commencing to contract are observed. Hand 
in hand with the contraction goes partial absorption of the central 
débris and the formation of concentric layers of the outer epithelium 
cells. It is suggested that the contraction is connected with the 
lymphocyte invasion, as in the case of scar tissue. And that the 
concentric arrangement is due to the contraction of newly-formed fibrous 


elements. 


7. The central inclusions of the fully formed Hassal’s corpuscle are 


the’ remains of the débris. The variation in their appearance and 


staining reaction depends upon variation in the inclosures and in the 
amount of absorption. In some granulation is distinct, in others inde- 
finite. In some there is an affinity for basic, and in some for acid dyes, 
A question of considerable interest arises, as to what the original — 
degeneration, and the train of changes following upon it, is due? 
Vascular injections have recently been attempted, but so far the results . 
have not been entirely satisfactory. It seems highly probable that there 
is little or no vascular supply to the epithelial cell nests, and it is possible 
that circulatory changes usher in the subsequent phenomena. Presumably 
the later invasions by leucocytes are due to changes in the chemiotactic 
properties of the cell nests. Autolysis also may play its part in the 


the postnatal formation of primordia ove By Janer E. 
LaNnE-CLAYPON. 


The ovary of the young rabbit at birth contains no true chanel 
ova; scattered throughout the greater part of the ovary are a large 
number of cells, having hardly any protoplasm, but containing a large, 
clear, round nucleus, these are the cells derived from the germinal 
epithelium which ultimately give rise to the primordial ova, 3 
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A few hours after birth mitotic figures may be seen in a few of these 
cells, which grow in size at the expense of the connective tissue and 
blood ‘vessels, which latter become more confined to the central part of 


the gland, instead of thickly pervading its entire substances, while the- 


connective tissue becomes so arranged as to give the appearance of 
enclosing ingrowths of cells from the germinal epithelium—the so-called 
egg-tubules of Pfliiger. 

The mother-cells now begin to divide rapidly, until at the 7th day 


after birth the greater number of them are in active mitoses and the — 


gland seems to consist almost .entirely of the cells, either dividing, or 


still quiescent ; by the 15th day there is hardly a mother-cell that is not 


in process of division. 

Some of the cells thus produced go to form the early primordial ova, 
the others become the ordinary interstitial cells. 

At two months old the ovary approximates closely to an adult virgin 
ovary, in relation to primordial ova, and Graafian follicles—the active 
division has entirely ceased, and internal to the zone of the follicles are 
seen a large number of small cells, with strands of connective tissue 
passing among them ; these small cells are the ordinary ovarian interstitial 


cells, derived from the same source as the primordial ova—these last 


have now reached their adult size (about 27 » in diameter) while the 
interstitial cells are still small. | 

During pregnancy the interstitial cells enlarge in size from the 
average non-pregnant diameter of 174 up to about 30—33 4 on the 
26th to 28th day, reaching 27 at or near the 18th day: about this time 
some of the interstitial cells can be seen pressing towards the periphery 
of the ovary, and becoming cut off from the rest—the number of primordial 
ova has in the meantime enormously decreased, so that in many sections 
of the entire gland it is only possible to find one or two. 

The interstitial cells, which have become cut off near the sidiahier. 
‘undergo changes—the nucleus becomes rather larger, and the chromatin 
passes to its periphery—this is followed by a breaking-up of the chromatin 
into numerous fragments, while the protoplasm becomes arranged dround 
. the periphery of the cell, leaving a clear central part, in which the 
chromatin fragments lie free—these cells have now the typical appear- 
ance of primordial ova. 

In the ovary of the rabbit there are, therefore, probably only 
two categories of cells (excluding the epithelium capsule): 

(1) Those derived from the original ingrowths of the germinal 


epithelium, which by division give. rise to — ova and to the 
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interstitial cells, The interstitial cells form by far the largest part: of 
the adult ovary. 

(2) Those derived from the mesoblast, which gives rise to the 
connective tissue and blood vessels. The connective tissue is very small — 
in amount, and seen only as thin strands between the interstitial cells. 
Thus the interstitial cells may. all be considered as potential primordial 
ova, and it is purely a question of fate as to whether they pass at once 
to an early primordial ovum, become one of the cells of Graafian follicle, 
pass during pregnancy into a “primordial” ovum, remain as an interstitial 
cell, or possibly become a lutein cell of a corpus luteum—all have 
gone through the same initial stages, and all are therefore capable of 
panne any one of the true ovarian functions. — 


_Photo-electric changes in the frog’s eyeball caused by 
different regions of the spectrum. By F. Gorcn. 
(Preliminary communication.) 


In a former communication I described the characters of the photo- 
electric response of the frog’s eyeball to illumination by coloured light’. 
The records of the response were obtained by photographing the 
displacement of the mercurial meniscus of a sufficiently sensitive 
capillary electrometer. The time relations of the response, as indicated 
by these records, appeared to vary with the character of the illumination, 
and three predominant varieties were observed, corresponding with 
red, green, and violet light respectively. Further, a response having 
distinct time relations was evoked by cessation of the light, this varying 
in amount, but not in time of delay, when the preceding light was of a 
different colour or duration. The general type of the photo-electric 


_ change, and thus, presumably, of the photo-chemical alteration, which . 


the former indicates, was found to be the same in all these responses, 
the direction of the capillary displacement indicating an electromotive 
effect of such a character that the fundus (retinal portion) of the eyeball 
becomes on illumination relatively negative (electro-positive) to the 
cornea. 

It was further stated in the former communication that additional 
evidence bearing upon the questiom as to how far the red, green, and 
violet responses are independent changes, might be afforded by the 


1 Journal of Physiology, xxxt. pp. 1 to 29. 
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results of experiments in which the eyeball is illuminated: by two colours 
occurring successively, simultaneously, or — one upon the 
other at various periods. 

The experiments; of which a preliminary account is now given, show 
the results of such composite illumination of the eyeball of the frog, two 
colours being used, namely, red and green. 

The details of the method were in the main those described in my 
previous communication but were modified for the special illaminations 
which were employed. The photo-electric changes were recorded as 
before by photographing the displacement of the meniscus of a suffi- 

ciently sensitive capillary electrometer. 

Successive iliwminations. For these experiments the chamber 
containing the eyeball was placed upon a hinged lever which allowed of 
its being shifted from the red region of the spectrum into the green 
region and vice versd. The spectrum used was a brilliant one; it was 
obtained by a grating on a quartz disc and was focussed by an appro- 
priate quartz lens. The duration of the illumination was marked on each 
photographic plate by deflecting a portion of the illuminating beam ; 
further an arm placed on the moving chamber secured a record on the 
plate of the shift of the chamber containing the eyeball. The onset 
and cessation of the total illumination was controlled by shutters. A 
typical experiment may be described. The traveller carrying the 
photographic plate controls two shutters; at a certain point in its 
transit the first shutter is released and the eyeball illuminated with the 
red light of the spectrum ; after a time, varying from 2” to 8” in differ- 
ent experiments, the chamber is suddenly shifted from the red to the 
green region; the second shutter is after a few seconds released by the 
farther transit of the traveller and the whole illumination ceases. 

_ Experiments of this type ensure that the eyeball is continuously 
illuminated but that at a given moment the quality of the illumination 
is changed. 

- The records show, (a) the usual response to the onset of the 
illumination whatever its character; (b) a second response when the 
chamber is shifted, this being waperim posed on the continuous one. 
evoked by the preceding illumination, this occurs without any 
perceptible diminution of the previous response; (c) a small response 
on the cessation of the illumination. The occurrence of the second 
response (b) on shifting is somewhat inconstant; it is more easily 
obtained when the shift is from preceding green to red than when the 
shift occurs from preceding red to green. It is possible by a series of 
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rapid shifts, red to green, green back ‘to red, red back ‘to green, to 
intensify the response which occurs in consequence of the shift. 

In many records inspection of the curves shows that the second 
response is more delayed when the shift has been from green to red 
than it is when the shift has been from red to green; the second 
response has thus the longer or shorter delay which characterises the 
primary one evoked by red or green light only as indicated in my 
previous communication. If the time of shift is lengthened then some 
records show an additional feature of the second respopse produced by 
the shift: the displacement in these cases begins rapidly soon after the 
shift has commenced, and upon this a second displacement is piled when 
the shift is accomplished. This composite effect is especially seen 
when the shift is from a region of higher luminosity (green) to one of 
lower luminosity (red); it appears in these cases to be due to two 
components, first, a response to cessation of green illumination, and 
secondly, a response to the arrival of the chamber in the red yen ia 
the spectrum and the consequent red illumination. 

(2) Simultaneous illumination with two spectra. For these experi- 
ments the grating spectrum of the same order as that directed upon the 
chamber but on the other side of the undeviated beam, was suitably 
reflected so that it should fall on the chamber containing the eyeball. 
The secon! spectrum could be cut off or disclosed at will, this being 
effected by means of a lever, the movements of which were recorded on 
the travelling photographic plate upon which the image of the capillary 
was projected. By this means the eyeball could be illuminated simul- 
taneously by the red light of one spectrum and the green light of the . 
other, the mixture appearing to the eye greenish-white ; it could also 
be first illuminated by either red or green, and then during the 
continuance of this further illuminated by the complementary colour. 

The chief points brought out, up to the present, by the records of 
these experiments are the following: 

(i) Simultaneous illumination in the red region of one spectrum 
and the green region of the other spectrum evokes a response the 
record of which shows a double displacement of the meniscus; the first 
displacement commences less than 4,” after the illumination and is the 
more rapid one, the second displacement commences about +," later 
and is more delayed. It would appear from their characters that the 
first resembles the change to green light only, the second the change to 
red light only. Both displacements are in the same direction, and the 
second is therefore superimposed on the first. 
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(ii) Illumination by sudden green light during continuous red 
light or by sudden red light during continuous green light causes an 
additional displacement of the meniscus, the first combination being 
the more effectual one. 

It is difficult to draw any other conclusion from the above experi- 
ments than that the photo-electric effects produced by these two regions 
of the spectrum are to a very large extent independent of each other ; 
presumably therefore the photo-chemical changes and the retinal sub- 
stances in which these changes occur, must be also independent. 

It is open to question whether the changes here investigated have 
any bearing upon the phenomena of colour vision. The photo-electric 
effects are obviously not in accordance with such theories of colour 
vision as predicate the occurrence of photo-chemical changes of opposite 
type for red and green respectively, since no change in type of a photo- 
electric kind is observed. It is further clear that the complementary 
relationship of the colours red and green is not one which can be based 
upon any antagonism in such photo-electric changes as are demonstrable 
in the frog’s eyeball. Red and green do not cause, when simultaneous, 
any cessation of the photo-electric response which each colour alone 


can produce, they cause a summation of two responses. It must | 


however be remembered that an equally striking want of correspon- 
dence between visual sensation and character of photo-electric change 
presents itself in the case of light and darkness, since here changes of 
illumination of obviously opposite sense (onset of light, cessation of 
light) produce in the frog’s eye photo-electric changes of the same sign, 
_ which differ only as regards their time relations (delay, etc.). 
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On the determination of the rate of blood-flow through an 
organ. By T. G. Bropre and A. E. 


(Preliminary communication.) 


' Many methods have been devised for the determination of the tats 
of blood-flow through an organ but in the greater number of cases they 
involvé so much interference with the normal circulation through the 
organ that it becomes very questionable whether the figures obtained 
really represent the flow under normal conditions. Most valuable infor- 
mation is to be gained by the plethysmographic method as ordinarily 
applied, but it only gives qualitative results, which moreover in many 
cases are very difficult to interpret.. During the past three years we have 
applied a simple modification to the plethysmographic method which 
enables us to determine the rate of flow quantitatively with considerable 
accuracy. In principle this consists in blocking the vein of the organ 
enclosed within the plethysmograph for a short interval of time. The 


_ whole of the venous blood is thus retained within the plethysmograph 


and leads to a rise of the lever of the recorder. If the recorder. be 
calibrated the rate at which the lever rises enables us to determine the 
rate of flow of blood into the vein. In applying such a method as this 
it’ is obviously essential that the blockage of the vein. must not be main- 

tained so long as to impede the flow through the capillaries. Under 
all ordinary conditions the veins are never completely filled, so that it is 


- possible to store up in them a small extra quantity of blood without 


checking the inflow into them from the capillaries. The amount which 
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may thus be accumulated varies of course with the organ itself and with 
the size of the animal. In all our experiments it has been possible to 
retain 0°5 c,c,, an amount which is ample for the purpose. 

It is essential that the recorder should be a volume recorder, not a 
pressure recorder (¢.g. a tambour). We have always used a bellows re- 
corder. The recorder being arranged to write upon a moving surface a 
small graduated pipette is attached to the tubing leading to it. A small 
quantity of water is now run in from the pipette so as to raise the lever 
slightly from the position to which it naturally falls. A writing point is 
then fixed to write a horizontal line at the level at which the lever now 
stands. An accurately measured quantity of water (¢.g.0°5 c.c.) is then 
run into the tubing and the new position of the recording lever is marked — 
by a second fixed writing point. A time-marker recording 30 vibrations. 
per second is then arranged to write under the other writing points. In 
making dn observation the vein is clamped during the time necessary fo 
the recorder lever to cross the two fixed abscisse lines. This time is then 
measured an gives the time during which 0°5 c.c. of blood has accumu- | 
lated within the veins, and from this the rate of flow per minute can be 
calculated. 

In clamping the vein it is necessary that the spot clamped should lie 
within the oncometer. For this purpose two small holes are bored 
through the lid of the oncometer near the groove through which the 
vessels enter the oncometer, and the two ends of a fine wire or thread 
which has been previously passed under the vein are brought through 

| these. The vein is thus clamped against the lid of the oncometer, or 
ie when it lies deeper down against a projection of wood fixed to the lid of 
| the oncometer. In enclosing the organ in the oncometer care should 
be taken to include as long a piece of vein as possible. In most cases 
this can be easily effected by packing the organ in the oncometer with 
cotton-wool so that it lies as far as possible from the outlet. 

The danger that the artificial venous obstruction may be checking 
the capillary flow is easily guarded against by noting whether the lever 
of the recorder continues to rise at a uniform rate during the whole 
period of observation. Should this not be the case, but the tracing 
become concave to the zero abscissa line, the clamping is being 
maintained too long a time and the observation must be discarded. 

' We have controlled the method by comparing it with observations 

upon the rate of venous outflow as conducted in the experiments of 

Barcroft and Brodie upon the kidney, the only modification we 
have introduced being to record the rate of flow from the vein instead of 
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timing it by a stop-watch. We have found that the two estan: give 
nearly identical results. 

The method is applicable to all organs which can be inserted into an 
oncometer provided the vein can be clamped within the oncometer. It 
is also applicable tw a limb, for the venous flow can be blocked there by 
a circular ligature applied with so much force as to — abe veins 
without vcsencng with the arterial flow. 


On the action of drugs on the paralysed iris. By H. K. 
ANDERSON. 


After excision of the sii and accessory ciliary ganglia eserine has 
no effect upon the pupil; but pilocarpine constricts it readily. Atropine 
annuls the constriction caused by the pilocarpine, or prevents constric- 


_ tion if applied before the pilocarpine. Atropine, therefore, acts as an 


antagonist to pilocarpine after excision of the ciliary ganglia as in the 
normal eye. On the other hand, atropine does not prevent the onset of 
paradoxical constriction of the pupil when a cat is asphyxiated a few 


‘ days after excision of a ciliary ganglion, nor does it diminish this 


constriction if it has been established before the atropine is applied. 
Other of my experiments, moreover, have confirmed those of éarlier 
observers, who have found that previous administration of atropine does 
not affect the normal constriction of the pupil after death. Atropine, 


therefore, does not paralyse the contractile substance of the sphincter. 


Tt must, however, act on some substance in the sphincter since its action 
continues after degeneration of the ciliary nerves. This substance, 
moreover, must either be the same as that acted on by the pilocarpine 


' or must be placed distally of it, since atropine prevents the action of 


pilocarpine. The former view is simpler, and accords equally well with 
sy the observations made. I have therefore adopted it. 

- The’ prolonged ‘effect of a single application of atropine (for a week 
or ma seems to be explicable only on the supposition that atropine 
combines with some substance in the sphincter. It therefore is probable 
if the view adopted above is correct, that atropine and pilocarpine both 


-eombitie with the same substance, but that atropine has a greater 


affinity for this substance than pilocarpine and can therefore displace it 
and annul its effect. 
If the whole bridge of tissue between the differentiated nerve fibre 


and contractile substance is to be regarded as the “nerve-ending ” my 


observations show that this ending must be composed of two parts: 
e 2 
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& nervous part, excited by eserine, which degenerates after section of the 
ciliary nerves, and a muscular part, excited by pilocarpine and paralysed — 
by atropine, which does not degenerate. There was no evidence, 
however, in my observations that the substance excited by eserine 
was necessarily paralysed by atropine since the apparent antagon- 
ism of atropine to eserine could be explained equally well on the 
view that atropine prevented the impulses started by eserine from 
passing through the substance which is excited by pilocarpine. 

After intracranial section of an oculomotor nerve an equal dose of © 
eserine applied to each eye causes a more prolonged constriction of the 
pupil on the paralysed side. After an hour or more the control pupil 
begins to dilate in dim light, but the paralysed pupil remains small ; 
the paralysed pupil in dim light becomes, therefore, for a time 
smaller than the sound pupil. The maximal contraction of the sound 
pupil in such experiments is, however, greater than the maximal 
contraction of the paralysed pupil when an equal dose of eserine has 
been applied to each eye. 

In one of my experiments I still observed this paradoxical effect five 
months after section of an oculomotor nerve, but failed to observe it any — 
more two months later and afterwards. The paralysed pupil, however, 
remained almost maximal and did not respond even to bright sunlight. 
There was no reason, therefore, to suspect regeneration of the cut nerve. 
After the local application of eserine to the eyes, however, the pupil 
reacted to light and continued to react for two days afterwards. Regene- 
ration had, therefore, occurred. After the application of pilocarpine, on 
the other hand, no light reflex was detected. These observations 
therefore indicated that it was the nervous part of the “ nerve-endings ” 
in the sphincter which presented the chief obstacle to the further passage 
of impulses discharged along the partially regenerated oculomotor nerve 
in response to light. Other observations, however, have shown that 
regeneration of the oculomotor nerve was the probable cause of the 
disappearance of the paradoxical effect described above. 


Modification of Bohr’s Blood-gas Receiver. By Joszra BARCROFT. 


The instrument depicted differs from the usual form of blood-gas 
receiver in the following respects, 


- (1) The condenser presents a double cold surface to the aqueous 
in the receiver. | 
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(2) The efficiency of the condenser is still further increased by the 
use of ice and salt (instead of water) in the vessels A and B. | 
(3) A joint, covered with mercury, is placed at C. One freezing 
mixture will suffice for several samples of blood. The cleaning of the 
lower part of the receiver, D, becomes a simple operation. 


TO PUMP 


actual size.) 

_ This form of apparatus renders it possible to boil the blood con- 
tinuously with a small flame placed below it. It is found that very 
much less pumping is necessary than formerly was the case. 

The more efficient condensation is useful in saving the sulphuric acid 
in the drying chamber of the pump. Indeed, an analysis may be made 
without the formation even of a dew in: the tubing, EH, above the 
condenser, 
_ The apparatus was made by Messrs C. E. Miiller, Orme & Co., 148, 
High Holborn. f 
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The electrical changes due.to secretory effects in the frog’s 


tongue as determined by capillary electrometer records. By — 


GoTcH- and SUTHERLAND SIMPSON. 


(Preliminary communication.) — 


Electrical changes associated with secretory effects in the tongue of 
the frog have been described by Hermann and Luchsinger', who 
stated that the changes were of the following type-—Contacts on the 
unexcited tongue showed currents of rest, the predominant sign of which 
was such as to indicate that the potent surface was the seat of an ingoing 
current, 4.¢. the surface in question was relatively negative (—) to the 
other contact. Excitation of the glossopharyngeal or hypoglossal nerves 
in curarised specimens caused this resting current to be first increased 
(ingoing change), then conspicuously diminished (outgoing change), and 
finally again increased (ingoing change). It appears from Hermann’s 
subsequent publications that the ingoing change is regarded as the 
secretory effect, the outgoing as a temporary cessation of this by either 
inhibition, or the outpouring of glandular alkaline secretion, or the 
filling of the ducts, thus bringing glandular masses into effective contact 
with the surface. In support of this stress is laid by Hermann’ on the 
effect of varying the intensity of the nerve stimulation; if weak the 
ingoing change is most marked ; if strong, the outgoing one. 

Biedermann’ in an elaborate investigation of the same tissue points 
out that a resting outgoing difference can be obtained after mechanical 
stimulation of the surface, dehydration, and cooling. The results of 
nerve stimulation obtained by him appear to be mainly corroborative of 
_ those described by Hermann and. Luchsinger, although often 
outgoing effects only were observed. This outgoing effect he is inclined 
to regard not as a temporary cessation of the initial secretory change, 
but as a true secretory effect, which is therefore of two opposite types 
indicated by ingoing and outgoing electrical currents. 

Since in the work above described the galvanometer was employed 
it vaieladd desirable to obtain records by the use of a sensitive capillary 
electrometer which would indicate the time relations of the excitatory 
electrical changes. The present investigation was made upoe — 


Hermann and Luchsinger. Arehie Physiol. 18, p. 467. Also Luchsinger i 
Hermann’s Handbuch d. Physiol. 5, p. 445. ‘ 


® Archiv f. Physiol. 58, pp. 250, 252, 1894. 


Archiv f. Physiol. 64, pp. 200-244, 1993. Also Ba. 
pp. 412, 413, ete. : 
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of R. temporaria during the latter weeks of March and the early weeks 
of April, in preparations of the following character.—A pithed frog was 
laid on its. back, the skin removed from the anterior part-of its under 
surface including the floor of the mouth, and the glossopharyngeal and 
hypoglossal nerves on both sides dissected out from the point at which 
they appear at the angle of the lower jaw. About half an inch of each 
nerve, on the side selected for stimulation, was freed and laid upon a 
pair of hook-shaped needle electrodes, which could be elevated-so as to 
lift the nerve away from the muscles when it was desired. to stimulate, 
and depressed to bring it into contact with the moist tissues again when 
excitation was over. The tongue was pulled out of the mouth with forceps, 
a loop of thread tied to each angle of its bicornuate posterior-extremity 


and then passed over a pin so as to hold the tongue extended forwards, 


the dorsal surface thus being directed upwards, When in this position, 
it was transfixed horizontally near its apex with a narrow bladed scalpel, 
a small pair of forceps introduced, and the leading off thread frém one 
of the non-polarisable electrodes drawn into this incision: the leading 
off threads from two other non-polarisable electrodes were applied one 
to each lateral aspect of the base. By this arrangement the apex and 
either side of the base, or the opposite sides of the base, could be put 


into the electrometer circuit without further disturbance of the tongue. 


_ For the excitation of the nerve (glossopharyngeal or hypoglossal) 
we used in faradisation an induction coil with an interruptor vibrating 
14 times per second, arranged with the Helmholtz side wire, and two 
Daniell cells in the primary circuit. The position of the secondary coil 
varied from 5 cms. to 16 cms., and the period of excitation was limited 
by means of two electro-magnetic relays which were operated on by the 
passage of the travelling surface carrying the plate upon which the 
image of the mercurial capillary meniscus was projected. The rate of 
transit of the traveller was slow,—about 4 cm. per second. For excita- 
tion by single shocks we used an inductorium in which the core was 
removed from the primary coil, the position of the secondary being such 
‘as to give an induction shock distinctly es ' to the moistened 


- gkin of the hand. . 


Comparisons were frequently made between the movements observed 


‘ in the electrometer.and the deflections of a very sensitive high resistance 


galvanometer, but we were unable to find any evidence of a galvano- 


- metric effect which did not corroborate the electrometer excursions as 


regards both sign and duration. 
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A. One contact on the side of the base, the other contact - 

through tip of tongue. 

The resting difference under these circumstances was in most cases 
ig as to produce an ingoing current at the base; not infrequently 
however this difference was reversed, i.e. outgoing at the base; this 
condition appeared to be dependent upon the condition of the frog, and 
particularly upon the manipulation of the glossopharyngeal nerve 
necessarily caused by its preparation. : 
As regards the excitatory changes produced by stimulation of the 
glossopharyngeal nerve our results differ fundamentally from those of 
Hermann, Luchsinger, and Biedermann. Briefly stated such stimu- 
lation produces one marked effect which is always indicative of an 
outgoing current at the base contact; this contact we regard as the 
potent one, and the tissue beneath it is thus relatively (+), to the un- 
affected tissue at the apex of the tongue. The marked outgoing exci- 
tatory change is succeeded by an after-effect of a prolonged character : 
none of the records show any indication of an ingoing (—) effect 
antecedent to the main (+) outgoing one. 

The outgoing change evoked by stimulation of the glossopharyngeal 
nerve is present in the curarised tissue but is abolished by atrophin ; 
when produced by adequate excitation it has the following characters: 

(i) It begins after a period of delay averaging 2 secs. (mean of 18 
records) with a minimal observed delay of 1°5 sec, and a maximal of 3°4 sec. 

(ii) It reaches a maximum of from ‘003 volt to 0003 volt in diffe- 
rent specimens at a time after the commencement of excitation of from 
3'5 sec. to 8'3 sec. giving a mean time of actual development of 3:4 sec. 

(iii) It declines more slowly in from 5 to 10 seconds, — 

- (iv) It is in the majority of cases followed by a residual effect ; this 
is extremely small and out of 18 records was in 9 cases ingoing (base —), 
in 8 cases outgoing (base +), and in one case imperceptible. 

(v) The displacement of the meniscus is characterised by irregular 
steps both in the ascent and descent; these are not segnsnestenian in 
- origin but appear to distinguish the secretory response. 

Diminution in the intensity of the faradisation increases the delay 
and decreases the amount of the response, but it does not alter either 
the general character or the direction of the outgoing effect nor is any 
precursor present, The outgoing effect can be produced in favourable 
specimens by exciting the glossopharyngeal nerve with a single induction 
shock; the delay in two instances was 2°8 sec. and 2°3 sec. respectively. 

The amount of the excitatory effect varied considerably in different 
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specimens of R. temporaria. It appears to be related to the character 
and amount of the resting difference. If the resting difference is ingoing — 
at the potent base centact-(—-004 volt), the excitatory outgoing effect 
is large (+003 volt); if the initial resting difference is small or is 
diminished by repeated excitation, the excitatory effect is diminished, 
and it is least in amount when the resting difference is outgoing. There 
is no reversal of the direction and no notable alteration in the time 
relations of the excitatory outgoing effect dependent upon the reversal 
of the difference. 


Compound changes were observed in the electrometer records when 
the contacts were placed one on each side of the base of the tongue, 
and one glossopharyngeal nerve excited. As regards these we have 
distinct evidence that whilst the secretory electrical effects produced by 
stimulation of one glossopharyngeal nerve are mainly localised to the 
same side of the tongue as the nerve excited, they also occur in the 
basal half of the opposite side. The combination of similar but 
unequally developed changes under the two basal contacts can produce 
in the electrometer displacements in two directions which may be 
interpreted as indicating either an ingoing-outgoing sequence or an 
outgoing-ingoing sequence dependent upon which contact. they are 
referred to. We regard this sequence as no indication that changes of 
more than one type occur in the cells of the excited tissue. In this 
connection we draw attention to the following circumstances. (a) Basal — 
contacts on the two lateral margins of the tongue are never at 
equipotential, i.e. the condition of the two margins varies. (b) Each 
basal contact compared with a contact through the tip of the tongue 
gives its own resting difference, but on excitation of the nerve the 
excitatory change is always of the same sign, base (+), outgoing, as 
regards apex. (c) Even when one basal contact shows in relation to 


. the tip an outgoing resting difference (base +), whilst the other shows 


in relation to the tip an ingoing resting difference (base —), the 
excitatory change evoked by glossopharyngeal excitation is of similar 
sign in both cases, being always base (+), ¢.¢. outgoing. 

-. We have made a number of preliminary experiments as to the 
occurrence of secretory electrical effects through excitation of the 


hypoglossal nerve, since such effects are described by Hermann and 


Luchsinger, and by Biedermann. These will be dealt with in 
a subsequent publication, i in which the data for the results here stated 
will be given in detail. 
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. The Estimation of #-Oxybutyric Acid in Urine. By J. H. 

The method consists in heating the trine with caustic soda and 
ammonia to prevent frothing, steam distilling with sulphuric acid, and 
determining the crotonic acid which distils over, by saturating with 
bromine’and estimating the excess of bromine iodometrically. ‘The Whole 
process occupies about two hours. 


A. 500¢.0. Jena distillation flask sloped 
the vertical. 


Davies condenser, 
D. Bunsen burner with screw clamp. — 


E. Flack as receiver graduated to hold 
100 ¢.¢. when wet. 


lst stage: The flask A is removed from the apparatus, 26 c.c. of the urine is run in 

from a pipette, and 8 grms. powdered caustic soda, 12-5 ¢.c. water ‘and 10 ¢.c. ‘88 ammonia 
added. The flask is now gently heated on wire-gauze until the temperature reaches 106° C. 
when 5 ¢.c, *88 ammonia is added, and the heating continued to the same temperature. 
This operation should last from 10 to 15 minutes. The flask is ‘then cooled and the 
contents just acidified with 50°/, sulphuric acid. 47 0.0, strong sulphuric acid is now added 
from a dropping funnel, the flask being kept cool. 
. 2nd stage. ‘The flask A having been replaced is heated strongly, whilst a vigorous 
current of steam is passed into it. Distillation will usually begin below 130°, at which 
temperature the receiver should be changed. The heating is then continued to 134°, when 
the burner under the flask is adjusted to keep this temperature constant with a maximum 
variation of + 0°5°. When 100 c.c. have been collected, the receiver is changed, and so on 
till four portions of 100 c.c. have been collected. The first of these with the portion below 
130° is rinsed into a stoppered bottle of 300 ¢.c. and the rest separately into bottles of 250 
c.c, capacity. The current of steam should be constant throughout the distillation, and 
shoald be such that 100 distils in about 19 minutes. thay 
night, if required. 

_ 8rd stage. Aqueous litmus solution having been added till the colour is just perceptible, 
the contents of the bottles are nearly neutralised, most conveniently by adding 5°/, caustic 

soda till just alkaline, followed by weak sulphuric acid till just faintly acid. The bottles 
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-coloutless potassium iodide fresh weak starch 


: solution, 75 sodium thiosulphate (24-627 grammes recrystallised sodium thiosulphste per 


litre). And a solution containing 70 grm. re and 22 c.0, bromine per litre, | 
which is adjusted by trial to be nearly equivalent to the © 5 thiosulphate. 


solution, and fitted to a 50.¢.c. normal burette with a loose cork. The burette is rinsed out 
and filled up from the funnel, and the solution standardised by running 10 c.c. into a 
stoppered bottle containing potassiam iodide, whichis aided witha few drops of dilute 


sulphuric acid. The iodine thus liberated is titrated with thioaulphate, the starch 


four bottles excess of bromine solution is added and allowed to stand for half a minute, 
Then potassium iodide and » few drops of dilute sulphuric acid are added, the bottle is 


shaken, and the liberated iodine is then titrated with © thiosulphate, The burette may 


be refilled from the funnel without restandardisation, but the strength of the bromine does 
not remain constant from day to day. The excess of bromine used should. be equal to 


about 4 thiosulphate in the first bottle, and 8 c.c. jp thiosulphate in the other 
bromine added equal to 6.0. 7 thiosutphate. 


to the bromine absorbed—thus: 
a=466; b=363; c=22; d=1°37. 


£606, 4 _.628 mean ; 
If the series were taken to infinity, the sum would be 


b 


8°63 
lee. . 


In the example 3 


ke X thiosulphate represents -0208°/; oxybutyric acid in the urine on the quantity 
taken (25 ¢.¢,.). In the example quoted therefore there is 293 %, oxybutyric acid, The - 
less than 1 ¢.6. thiosulphate,r is obtained from 5 alone. A correction for an impurity’ 
over 8°/, the urine should be diluted. 
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~ The method has been tested by using sodium oxybutyrate crystallised 


from ‘alcohol, and gives very accurate results with the sodium salt, both 
alone and in the presence of glucose. The maximum error, found by 


adding known quantities of sodium oxybutyrate to previously - 


diabetic urines was 0°005 °/,. 
Normal urine gives a result = about 06. or 013 
oxybutyric acid, mainly in portion a, ck may be due to a small 


quantity of oxybutyric acid normally present. As the effect of glucose > 
is practically all in portion a, a urine is tested for abnormal oxybutyric 


acid by titrating portions a and b. If 6 requires bromine equal to 
appreciably more than 0°3c.c. thiosulphate, abnormal acid 


is present. 


Physiological Action of Chrysotoxin. By H. H. 


(Preliminary | 


Chrysotoxin i is the active substance obtained froin wae by Jacobi’. 
The specimens used have been prepared for me by Dr G. Barger, in 


conjunction with whom experiments are in progress on the nature and 


state of combination of the active constituents of this and other prepara- 
tions from ergot. The substance was administered intravenously, as the 
sodium compound, in alkaline saline solution, the proportion of chryso- 
toxin being usually 1°/,. The animals used were chiefly cats, which 
were anesthetised with ether or pithed. The phenomena here to be 
described were observed in the cat, details of the reaction of other 
species being left for fuller publication. 
The effects may be divided into 


1. Stimulation effects. The work on sate is as yet incomplete, but 
in all cases in which the phenomena have been investigated the effects 
correspond to stimulation of the cranial and sacral autonomic, and also 
of the true sympathetic nerve supply, to all organs containing plain 
muscle.. The rise of blood-pressure is marked and prolonged. In a 


pithed cat. a rise from a pressure of 50 mm. to one of 180 mm. of 


mercury. was obtained by injecting 50 mgs. of chrysotoxin. With a 
smaller dose—10 mgs.—the rise though not so high (40 mm. to 130 


mm.) is very prolonged, lasting upwards of 30 minutes. With larger 
Arch, f. exp. Path, wu, Pharmakol, xxix, p. 85, 1897. 
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doses’ the effect passes off more rapidly for reasons-made siti by the 
next section. . The heart-beat is increased in force and slowed in rhythm. 
The pupil shows a passing dilatation, and then slowly and steadily 
constricts to a slit, the nictitating membrane being meanwhile retracted 
and the eyeball bulged forward. The movements of the small intestine 
exhibit a fleeting inhibition, succeeded by a prolonged augmentation of 
tone and rhythm. The same is true of the urinary bladder and gall- 


_ bladder. _ Powerful contractions of the uterus are set up. 


As to the point of application of these stimulant effects, it may be 
stated that the blood-pressure effect is unaffected by complete pithing 
of the spinal cord, but is entirely-abolished by a dose of nicotine, which 
leaves the response to adrenalin unaltered, and by apucodeine in such 
quantity as reduces, but does not abolish, the effect of adrenalin. 


. Removal of the superior cervical ganglion abolishes the preliminary 


dilatation of the pupil; and the subsequent constriction, while quite 


unaffected by pithing the brain completely, is immediately abolished by 


section of the ciliary nerves. All the evidence at present available 
points, therefore, to the ganglion cells—or the endings 0 on ‘them of the 


pegegnene fibres—as the site of the stimulus. 


2. Paralytic effects. If a large dose of aula be isn to a 
cat (100 mgs. to a cat of 2 to 3 kilograms), it will be found that a further 


dose produces either no effect on the blood-pressure, or a fall. If, while 
the rise of blood-pressure produced by such a large injection still per- 


sists, adrenalin be given intravenously, a marked fall of blood-pressure 
occurs. With an ordinary, dose (0°05—0'1 mg.) the fall lasts for two 
minutes or more; with a larger quantity it lasts longer. An exactly 
analogous effect is produced by injection of a small dose (0°5 —'1 mg.) 
of nicotine or by stimulation of the splanchnic nerves. The fall ‘is 
accompanied by a simultaneous increase in the volume of a loop of 
intestine observed by a plethysmograph. When the blood-pressure has 
sunk again to the minimum, sympathetic stimulation by any method 
causes a small fall of pressure, which may be succeeded by. a prolonged 
slight rise. Barium chloride produces a rise of blood-pressure as usual. 
It is clear, therefore, that the sympathetic vaso-constrictor nerve-endings 
have been paralysed. An examination of the sympathetic endings in 
other organs of the body has shown that the cardio-accelerator endings 
and those in the dilatator of the pupil are affected to a comparatively 


‘small extent, while no paralytic effect on the pilo-motor nerve-endings 


is apparent. Of the others examined, the motor sympathetic nerve- 
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endings were all paralysed, while the inhibitory endings responded as 
to artificial excitation. have been examined, 


"Motor endings in:—Spleen Inhibitory endings in:—Small 
*Tleo-colic sphincter. intestine 
‘Internal anal sphincter | Gall-bladder 


*Urethra and trigone of bladder © Fundus of urinary bladder. 
Uterus | 
“Retractor penis (dog). 


The cranial and sacral autonomic’ nerve-endings, whether motor or 
inhibitory, show no trace of paralysis. On the contrary, the weakening 
of tonic impulses which reach an organ through an antagonistic sympa- 
thetic supply, even when this latter still responds to artificial stimulation, 
enables the unmixed effect of stimulation of a cranial or sacral autonomic - 
supply to be observed with unusual clearness. Stimulation of the vagus, 
for example, causes more perfect cardiac inhibition and much more 
marked intestinal augmentation than under ordinary conditions. 

No evidence is at present available to indicate whether or no the 
same active principle is responsible for both stimulant and paralytic 
effects. The stimulant effects are evidently those ordinarily associated 
with the action of ergot. The paralytic effects furnish a new method of 
discrimination in cases where an organ receives both motor and inhibi- 
tory impulses from the sympathetic. The fall of blood-pressure with 
adrenalin, etc. may be due to vaso-dilatator fibres in the sympathetic 
system, ordinarily masked by predominant vaso-constrictors: but the 
possibility is not yet excluded of the effect being due to the relaxation 
of the muscular wall of the intestine, causing a — dilatation of the 
vessels. 


ALEX 


The liver of the rat at all stages of dekeesie life contains a certain 
number of multinucleated cells very much larger than, and quite distinct 
from the cells of the hepatic columns. These cells are most numerous 
at about half time, when the foetus is a little less than one inch in 
length. At this stage the cells have a diameter of from 30u to 40p. 


These experiments were made im conjunction with Mr T. B. Elliott. 
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They are spherical in form. The cell protoplasm is glassy and very 
distinct from that of the liver cells.. They contain 4, 5, or 6 nuclei. — 
The “giant” cells are distinguishable in foetuses of a quarter of an 
inch in diameter, or even less, when they have as a.rule but a single 
nucleus. In their early yninucleated condition they closely resemble 
primitive ova. 
The multinucleated cells of the liver in a rat an inch long are 


_ identical in appearance with the multinucleated cells of the spléen in 


the same embryo ‘They reach their multinucleated condition in the 
liver at anearlier date than in the spleen. In the spleen on the other- 
hand they continue to grow for a longer. time, reach much greater 
dimensions, and acquire a larger number of nuclei than in the liver. 
Although they disappear from the spleen of man and of most animals 
at about the time of birth, they are very numerous and conspicuous in 
the adult hedgehog. 

The similarity in appearance of “ giant” cells in their earliest stage 
and primitive ova would seem to justify the inference that they have 
a similar origin. If this be true the multinucleated cells now described 
for the first time in the foetal liver, and also the cells —_— have long 


been known in the foetal spleen, are “ germ cells.” 


_ Notes on Precipitins for Snake Venoms and Snake Sera. 


By A. Hunter. 


(Preliminary Communication.) 


(1) I have investigated in regard to their precipitating power the 
antisera produced by the injection into the rabbit of Indian cobra venom, 
Dabota venom, cobra serum, and Daboiapserum. Each of the four led to 
the appearance of a specific precipitin. Auti-cobra-venom precipitates — 
cobra venom very powerfully ; cobra serum very slightly ; daboia venom 


- slightly; and daboia serum practically not at all. Anti-cobra-serum. 


precipitates cobra serum powerfully ; daboia serum moderately ; cobra 
venom very slightly ; daboia venom not at all. The properties of anti- 
daboia-venom and anti-daboia-serum are, mutatis mutandis, exactly 
similar. 

From this we conclude that the haptophore groups of cobra venom 
and daboia venom are widely different; which is just what we should 
expect in species so little related. It would also appear that the venom 


and the serum of any one species possess very few haptophore groups in 
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common. Of course we are concerned here only with those haptophores 
which are concerned in precipitin formation. _ 

(2) Itjis probable that these have little connection with the actually 
toxic constituents. The amount of “venom” which can be completely | 
precipitated by any given antiserum is the same, whether the toxic dose 
of the venom be large or small. In other words, the precipitability of 
any venom by its antivenom is quite independent of its toxicity. It 
would appear, therefore, that the production of precipitin is determined — 
not so much by the toxins as by the other constituents of the venom. 
Moreover, the precipitin content of antisera is not found to run parallel 
with their antitoxic power. Hence it is not possible to use, as has 
been suggested, the precipitin reaction as a means of re 


venoms and antivenoms. 
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‘The influence of lowered blood-pressure and other conditions 
on experimental glycosuria. By J. J. R. Macieop and J. DoLLeEy. 


(P lt mary ) 


Eckhard found that puncture of the medulla oblongata did not 
induce glycosuria when the splanchnic nerves were cut across. Arguing 
that the centrifugal impulses from the medulla must reach the liver by — 
the splanchnics, Eck hard next made observations on the effect following 
stimulation: of the peripheral end of the cut nerve. Glycosuria was not 
induced. On the other hand, glycosuria invariably followed irritation of 
the cervical portion of the spinal cord. From these and similar results 
it was considered that in passing through the sympathetic ganglia in 
the upper thoracic region the centrifugal impulse had undergone some 
change (Pfliiger). 
__ After convincing ourselves that puncture of the medulla in well-fed 
rabbits is invariably followed by glycosuria, we thought it of interest to 
see how nicotin would influence the result, since, as Langley has shown, 
this alkaloid causes a block to be established in the sympathetic ganglia. 
With this object in’ view we injected rabbits with about 8 mg. nicotin 
per kilo body weight and then punctured the medulla. In seven experi- 
ments of this nature, three showed a trace of sugar in the urine, the 
urine of the other four remaining sugar-free. A comparison of the 
glycogen content of the liver in a punctured normal rabbit with that 
in a punctured nicotinized rabbit showed, in the latter case, that the 
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glycogen had not been used up: the nicotin had prevented the puncture — 
from producing the excess of sugar which it usually does. 

In a large number of observations on dogs and rabbits rendered 
glycosuric by stimulation of the central end of the vagus nerve it was 
found that subcutaneous injection of nicotin had no constant effect on 
the amount of sugar in the urine. This result we cannot at present 
explain. 

To more fully study the action of efeciie 3 in influencing glycosuria 
we exposed the stellate ganglia on both sides in dogs rendered glycosuric 
by stimulation of the vagus. We noticed that shortly after applying 

a pledget of cotton soaked in nicotin to the exposed ganglia, the 
urine became sugar-free even although the stimulation of the vagus 
was maintained. We noted coincidently, however, that a marked fall 
of blood-pressure invariably accompanied the result. As it might be 
to this fall of blood-pressure and not to any block of glycosuria-pro- 
ducing impulses that the disappearance of glycosuria was due, we 
performed several experiments in which, after inducing vagal glycosuria 
in dogs, the blood-pressure was lowered by hemorrhage. In all the 
experiments of this nature which we have performed we have found 
the glycosuria to disappear. By the lowering of blood-pressure the 
excretion of urine was also greatly depressed. As the disappearance 
of sugar from the urine may be due to some renal mechanism or to 
a depression i in the sugar production by the liver, we are at present 
engaged in making determinations of the amount of sugar in the blood 
before and after hemorrhage in glycosuric dogs. 

This influence of lowered blood-pressure on reflex glycosuria seems to — 
us to justify a repetition of much of Bernard’s and Eckhard’s work on 
the course of the glycosuria producing impulses from the medulla to the 
liver. In all experiments recorded by these workers in this connection 
_ great changes in blood-pressure must have been induced. 


Experiments on Association. — By BEATRICE EDGELL. 
The purpose of these experiments was to test the comparative values 
of: 


(a) Juxtaposition (= accidental association); 
(b) Intrinsic Connection (= purposive association) ; 
as aids to the memorizing of objects simultaneously presented. 
Method of Ewperiment. The subject of the experiment was shown 


a series of five cards (9 in. x 6 in.) on which were — side by side 
an object and a number. (Slide.) 
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Each card was exposed in an opening in a screen for an interval of 


- 5 sec, A second series was then given, consisting of cards similar to 


those of the first series, but bearing the number only, and being exposed 
in @ different order. As each card bearing a number was exposed, the 
subject was asked to write down the name of the object which had 
accompanied that number in the first series. 

All pauses during experiment were filled on the part of the subject 
by his doing some semi-mechanical work, e.g. counting, in order that he 
might not dwell upon the card seen when the exposure interval was 
complete. | 

In experiments when Juztaposition was to be used as an aid to 
memory, the subject was asked to simply fix his attention on the object 
and the number as side by side. 

In experiments when Intrinsic Connection was to be used, he was 
asked to try to form some connection between the number and the 


object. 


_ Results. With subjects S. and H. 10 series of each kind were tried, 
i.e. 50 cases of Juxtaposition, 50 cases of Intrinsic Connection. 
The results in number of cases recalled were : 


Right... Wrong Nothing Doubtful | 
(a) By Juxtaposition : 


(1) for 8. 12 5 25 e 
(2) for H. Ree 11 
(b) By Intrinsic Connection : 
(1) for 8. 83 10 
(2) frH. 48 2 5 


The test has also been tried on small groups of school children 
(225 boys and girls under 10, 205 boys and girls under 15), belonging to 
schools of different types. The numbers tested are at present limited, 
and do not therefore warrant a fixed conclusion to be drawn, nevertheless 
as far as they go, they indicate that whereas the aid afforded by mere 
‘Juxtaposition remains, roughly speaking, constant, that afforded by 
Intrinsic Connection becomes increasingly efficient with the age of the 
subject. Further observations are in progress. 

The percentage of Right answers for 225 children, age 8—10, 205 
children, age 10—15, and 2 adults are : 


B Cc 

By Juxtaposition 46 42 34 

By Intrinsic Connection 48 55 717 
A=children under 10, B=children under 15 and over 10, C=adults. 
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Demonstration of photo-electrical effects on the Frog’s 
Eyeball before and after tetanisation. By A. D. WALLER. . 


In the course of a discussion concerning the nature of the photo- 
electrical effects of the frog’s eyeball at a recent meeting of the Society — 
(University College, March 18) I stated that such effects were refractory — 
to strong tetanisation, 7.¢. to tetanisation of such strength as to entirely 
abolish the blaze-reaction. I commented upon the fact as indicating 
that the photo-electrical effects ordinarily observed are more probably — 
pigmentary than retino-motor (assuming that the rods and cones are 
of such delicate structure as not to bear strong tetanisation with 
impunity), and I promised to demonstrate the —— at the June 
meeting of the Society. 

If the experiment is successful we shall witness: 

Ist, Augmentation of the photo-electrical response after tetanisation 
of even considerable strength (up to e.g. 1000 units of a Berne coil). 

2nd, Persistence of the photo-electrical response and abolition of the 
blaze-reaction after strong tetanisation (at e.g. 5000 or 10000 units of a 
Berne coil). 

_ With currents of still greater intensity such as are required to drive 
a petrol engine without dropped beats the photo-electrical as well as the 
blaze-reaction can be reversed or abolished, and with “poor” eyeballs 
the abolition may occur with currents of a physiological order. In all 
cases, however, the photo-electrical response is comparatively refractory. 

The following are 


Biaze- 
reaction 

Before +0-0006 

After Tet. 1000 +0°0010 : 

Before +0°0250 

After Tet. 10000 +0°0004 nil 

Before - +0-0008 +0:0070 

After Tet. 10000 +i +0°0010 


_ Migration of potassium and the injury current. dag 
MacDOonaLp. 


The following new conditions can be within the axis- 
cylinder space at an injured spot. 

A granular appearance which can be seen and ee in 

unstained nerve-fibres. 
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The granules observed in fibres stained with neutral red. 

A dense precipitate of potassium in fibres treated with Macallum’s 

ent. 

_ The conclusions drawn from these appearances are (1) that a coagu- 
lation of some one or more of the proteids of the axis-cylinder is an 
immediate consequence of injury, and (2) that the occurrence of this 
process is accompanied by an appearance of potassium salts for the first 
. time in a state of simple aqueous solution. 

When this salt is not again fixed, as in the precipitate caused by 
Macallum’s reagent, it diffuses into the neighbouring portion of the 
axis-cylinder; and can be found distributed along very considerable 
stretches of the axis-cylinder by the subsequent use of Macallum’s 
reagent. 

The difference between the relative velocity of this diffusion as it 
takes place on the one side into an electrode placed at the injured point, 
and on the other through ‘the axis-cylinder and out of this through the 
nodes of Ranvier into the electrode upon the longitudinal surface is 
taken as the cause of the injury current. 

The portion of nerve-fibre changed by the injury forms a source, 
from which additional potassium salt invades the neighbouring portion 
of the axis-cylinder, The value of this source*declines as the salt 
diffuses away from it gradually. The value of the source may, under 
favourable conditions, decline quite suddenly. In the latter case it is 
assumed that the potassium salt present in the source has been there 
suddenly removed from its state of simple aqueous solution, and has 
regained the condition in which it was present prior to injury. In 
other words the process leading to its initial appearance is reversible. 

The conditions most favourable for this reversion are found in the 
nerves of cooled frogs, in which—as I have oe axis-cylinder is 
more alkaline. 

- Making use of the parallelism between injury and excitation, dealing 
with the results of i injury the same in kind as the results of excitation 
—but more extreme in degree and therefore less readily reversible— 
I have framed upon the facts and conclusions given above a theory of 
nerve-conduction’. 


1 Proc. Roy. Soc, May 18, 1905. 
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‘Pigmentation and Intravascular Coagulation. Guo. 
MUDGE. 


The primary object of these experiments is to ascertain whether any 
differences exist in the behaviour of albino and pigmented animals 
towards intravascularly injected solutions of nucleo-proteids, and especially 
to ascertain whether albinos are more susceptible to the action of a 
nucleo-proteid derived from albinos than they are to one derived from 
pigmented animals; and further, if such differences exist what is the 
degree to which they extend. 

The nucleo-proteids, with but two exceptions, were derived from the 
testes of albino or pigmented rabbits; the glands were weighed, and in 
most cases were then crushed through fine wire-gauze, into a 1°/, 
solution of Na,CO, The relative quantity of gland and solution was 
equivalent to 1 gram of the former and 15:5 c.c. of the latter. The ex- 
perimental results showed, however, that the strength of the solution 
was not. the same for each solution, and consequently all comparisons 
between albinos and pigmented animals had to be made between 
individuals injected with the same solution. 

The injections were made by one of three methods: (a) large quanti- 
ties were injected by one immediate dose; (b) the solution was run in 
very slowly (about 2c.c. per minute) until death occurred, and the 
quantity injected and the time occupied were then noted; (c) very small 
doses, usually 0°1 c.c. of the solution, were successively injected with an 
interval of two minutes between each dose, until death occurred. In the 
case of b and c methods, the animals were always weighed before injection, 
and the ratio of the amount injected to each kilogramme of body weight 
could then be ascertained. The mean dose for a number of animals, 
required to clot, was then computed, and on comparing albinos with 
pigmented animals it was found that invariably a larger mean dose was 
requisite to kill albinos than to kill pigmented animals, whether the 
nucleo-proteid was derived from albino or from pigmented sources 
_ Moreover, in a certain proportion of cases, coagulation failed to occur in 
albinos, when injected with a nucleo-proteid derived from pigmented 
animals, though the injection caused their death from some other cause. 

It was found during the course of the experiments that the strength 
of the solution of nucleo-proteid varies with its age, so that results had 
not only to be compared with individuals injected with the same solution, 
but with individuals injected at the same time. 
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A new form of haemomanometer. By G. a 


“FRCP. 


_ The instrument is graduated from the mercurial manometer, and 
is fixed in a box in a horizontal position. It consists of a glass tube 
about 12 inches in length’ (a), receiving at one end (b) the rubber | 


tube leading to the rubber ‘bag which encircles the part from which it 
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is desired to take the blood-pressure, and terminating in an air-bulb (c) 
and tap (d). A short column (25 mm.) of spirit (absolute alcohol) 
coloured by Merck’s fett-farben Blau, is used as the indicator. It was 
found that a short mercurial indicator (5 mm.) is not sufficiently 
sensitive to show the diastolic pressure from the finger, but as a 


rule suffices for that from the arm and forearm, and becomes much 


more responsive to pulsation when conjoined with a drop of absolute 
alcohol. Spirit or mercury (preferably with a trace of spirit) may 
therefore be used as the indicator. — 

The principle followed is to raise the air-pressure in the rubber bag 
and tp measure it by the compression of the air in front of the index. 
By this simple arrangement the air within the apparatus, when the tap 
is closed, becomes as it were a portion of the compressed air inside the 
bag and tubing—the degree, to which the compression is carried by the 
observer, being indicated by the upper end of the short column of the 
coloured spirit or mercury interposed between the two areas * com- 
pressed. air. 

The principle of air compression for the measurement of blood- 
pressure has been adopted by Hill and Barnard in their sa 
sphygmometer and by Gartner in his tonometer. 


_ The apparatus consists of : 
1. The hemomanometer. 
2. The filler and mgr, which are joined together, so that the 


inside of the box), which affords a scale of over 600 mm. for 300 mm. Hg. ; 
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former may be squeezed by the hand and the latter actuated by the 
thumb, leaving the other hand free to feel the pulse during the reading 
of the pressures (systolic and diastolic). 

3. Rigid rubber connections. 

4. Two air bags, canvas’ covered, with straps and friction buckles, 
which are secure at any point (a) 12x33 cm. for arm or forearm, 
(b) 3x9 cm. for phalanges. 

After adjusting the upper end of the index to the zero line the 
readings are taken in the usual way. 

Advantages, This apparatus appears to present the following 
advantages over the mercurial manometer employed in clinical obser- 
vations : 

1. Portability, compactness, and general adaptability to practical 
requirement without loss of accuracy. 

2, The sensitiveness of the spirit indicator is shown by the fact 
that it enables the arterial pressure (diastolic) to be taken from the 
precapillary arteries (finger-tip) as well as from the arteries of the 
limbs. 

3. This instrument furnishes the systolic and diastolic pressures in 
the finger (as afforded by Gartner's tonometer and Mosso’s sphygmo- 
manometer) as well as in the limbs. 

4, ‘The scale being horizontal. and open (instead of being vertical 
and contracted, as in the U-shaped mercurial manometer) is read with 
ease and accuracy. 

5. It possesses the advantage over a mercurial manometer of an 
absence of inertia which is practically complete. 

Possible defects. It may be urged that temperature and variable 
traces of spirit left on the bore of the tube between successive obser- 
vations might be sources of error. (a) The question of variation of tem- 
‘perature cannot well arise, as the tap is opened and the index is adjusted 
to zero just before each observation. But might there not be conduction 
of warmth from the subject to the proximal side of the index, especially 
when the bag remains in situ some time? This suspicion is however 
disproved by the mercurial indicator returning to zero after an observation. 
If the air is heated by compression it will of course be so on both sides 
_of the index; and this will not be affected. (6) With the spirit index are 


the readings vitiated by varying traces of spirit left after observation? — 


The average volume of spirit left on the bore has been ascertained 
approximately by measuring the index before and after observations— 


the loss in length having been converted into a volume loss by 
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ascertaining how many millimetres of the tube bore represent a cubic 
centimetre. On comparing this loss in volume with the total air space 
to be compressed, it was found that this source of error amounts only to 
0°45 per cent. which is negligible; especially as it is not easy to read 
with certainty smaller differences in arterial pressures than 2°5mm. So 
far as I can ascertain, the more sensitive spirit index does not therefore 
introduce a practical or gaugeable error. Moreover, it has been found 
that after the first excursion of the spirit index up and down the scale, 
subsequent ones do not reduce it, a certain average moistening of the 
bore preventing a further loss. This is shown by the fact that the 
index will go 3 or 4mm. below zero after a first observation ; but will 
return to zero in subsequent ones. 


The Electromotive State of the Frog’s Ventricle under 
excitation of the cardiac nerves. By W. LEGGE Symes. 


The subjoined observations were made with a capillary electrometer, 
on the beating ventricle of the frog. 

_ Gaskell? had already shown with the galvanometer that excitation 
of the vagus produces, in the quiescent auricle (tortoise), a positive 
variation of the demarcation current; and further that on stimulation of 
the sympathetic, the variation yielded by the quiescent ventricle (toad), 
is negative in sign. Gaskell also showed that the positive variation — 
produced by vagus excitation is abolished by atropin. The results may 


be summarised as follows :— 


1. Moderately strong excitation of the vago-sympathetic produces 
positive variation of the diastolic demarcation E.M.F. with or without 
marked inhibition of the heart-beat ; or, on the other hand, inhibition of 


the heart-beat may occur without obvious electrical variation. 


2. Intracranial excitation of the vagal roots has,a similar effect. 

8. Atropinisation of the heart ultimately abolishes the positive 
variation, when present; but not so rapidly as it abolishes the effects of 
vagal excitation on the heart-beat. 


4. Excitation of the sympathetic produces a negative variation of 


, the diastolic demarcation E.M.F. with or without acceleration of the heart- 


! Journal of Physiology, vu., p. 404, 1887. 
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beat. The converse, viz. acceleration without negative variation has 
not yet been noticed. 


5. Excitation of the vago-sympathetic of the moderately snioolaeed 
heart yields results similar to those obtained by excitation of the 
sympathetic. If atropinisation be pushed far enough excitation of the 
vago-sympathetic has no effect on the heart. 
The records have been obtained by Waller’s method. 
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